New class of resolvable block designs by Williams, Emlyn Rhys
A NEW CLASS OF RESOLVABLE BLOCK DESIGNS 
by 
(L1N RIIYS WILLIAMS 
Thesis submitted for the degree of Doctor of Philosophy in 
the University of Edinburgh 1975 
no, 
DECLARATION 
The following record of research work in submitted as a 
thesis for the degree of Doctor of Philosophy in the University 
of Edinburgh, having boon submitted for no other degree. Espt 
where acknowledgement is mads, the work is original. 
TABLE OF CONTENTS 
SUMMARY 	 I 
ACXOWLEDENT8 	 3 
NOTATION 
INTRODUCTION 	 5 
CHAPTER I BLOCK DESIGNS IN GENERAL 	 8 
1,1 8zy 	 8 
1,2 Block Designs 	 9 
1.3 Infrablook Analytil 	 12 
1.4 Efficiency Factor 
1.5 Dual Designs 	 16 
1.6 Recovery of Intirbiock Information 	18 
CHAPTER 2 CLASSIFICATION OF BLOCK DESIGNS 	 22 
2.1 3ry 	 22 
2.2 Dev.lopnt of Block Designs 	 22 
2.3 Matrix Structures 	 24 
2.4 Dual Matrix Structures 	 35 
CHAPTER 3 A NEW CLASS OF R80LYABLE BLOCK DESIGNS 	37 
3.1 Introduction and Summary 	 37 
3.2 Generation of ,-Designs 	 38 
3.3 Generation of -Deains 
3.4 Efficiency Factors of cv-Designs, 	43 
3.5 A RIdUCod Form for a 	 43 
3.6 Variance Matrix of a-Designs 	 41 
3.7 The Incorporation of Control Varieties into 
c"- Des igna 
	 47 
CHAPTER 1 	CONSTRUCTION OF c(09 1)-'DEsIcs 
	
4.9 
4.,1 Introduction and Summary 	 4.9 
4.2 Restrictions on o' 	 50 
4.3 Construction of Tables of (O,1)-Designs 	 57 
4.4 Paired Comparison Designs 	 61 
CHAPTER 5 C0NSIUCTION 01 v(0,11,2)..DESIs 	 64 
5.1 Introduction and Summary 	 64 
5.2 Restrictions on 	 65 
5.3 Minimal nr (o,1,2) -Des igna 	 68 
5.4. Construction of cv(O,1,2)-Designs with P Structure 70 
54 Construction of Tables of k4n4-1 o'(0 2 1 9 2)-De.igns 81 
5.6 The Incorporation of Control Varieties into 
a'(O,1,2)-Designs 	 82 
CHAPTER 6 ALMOST EQUIBLOCK-SIZED n'-'DESIGNS 	 86 
60 Introduction and Summary 	 86 
6.2 Generation of AS i-Designs 	 86 
6.3 Construction of Tables of AE -'Designs 	 68 
6. The Incorporation of Control Varieties into 
AN n-Designs 	 9° 
REFERENCES 	 93 
APPENDIX A KATRIX STRUCTURES 	
97 
APPENDIX B COMPUTATION OF THE H.M.0 .i.F. OF r'-DESIGN S 	 118 
GUIDE TO THE TABLES 121 
TABLE A o' (0,1 )-nEsIs 122 
TABLE B PROPERTIES OF 	(o,1 )-DESIGNS 130 
TABLE C rv(0, 1, 2)-D]IGNS 14.7 
TABLE D PROPERTIES OF 	n'(o, 1, 2)-DESIGl8 156 
-1- 
The asia purpose of this thesis is to introduce a new class 
of resolvable block designs (called a-designs). These designs 
are intended particularly for variety trials where v, the 
number of varieties, is often large (say v- 60) but r, the 
number of replications of each variety, is snail (r <i4 ), 
Given a suitable k x r array c' 9 a simple algorithm is 
available for constructing an or-design for any v that is a 
multiple of k, the number of units in each block. Much of 
the thesis is concerned with the problem of choosing a to 
give designs with high sffioisnoy factors. 
Two separate subclasses of a-designs we considered in 
detail, In one subclass no two varieties concur more than 
once; in the other some pairs of varieties concur twice but 
no pair concurs more often. E4stenae conditions are 
established for the two subclasses and criteria developed 
for the choice of a. 
When the number of varieties doss not factorize 
conveniently in the torn v a ks, resolvable designs with 
block si..s differing by not more than one unit can be 
derived from cr-dosina. 
The class of a-designs and the derived designs with 
tmequal block sizes together neet virtually any req4rsasnt 
for variety trials with equal replication of sach variety. 
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Tables are provided giving generating arrays for parameter 
eobnationeiu the ranges v100,2r 1 4 ar 
together with average,, miniams and pafrwiss efficiency factors. 
Guidance is also given on the allocation of sontrol varieties. 
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NOTATION 
unit vector of appropriate dimension. 
ZY I v x v identity matrix. 
I v x v matrix of ones. 
I,t v x v matrix whose (l,)th element is (..1)1, 
rl 	transpose of 
trA1 trace of A. 
(.] $ integer part of 
: direct product of A and B. 
V 	a complex conjugate of V. 
4 , : addition and subtraction, modulo s 
Renc• s4h-h, 
and I h - s - h, 
(h - 001069608-1) 
IN01XYCTION 
The min aim of this thesis is to produce incomplete block 
designs for statutory variety trials on agricultural crops. In 
this situation, the experimenter usually has $ relatively large 
number of varieties (say v - 60) to be compared, but is limited 
by the amount of material or land available to say 2, 3 or 4 
replications of each variety. 
In practice,, resolvable designs have to be used, is.o 
designs with blocks grouped into complete replicates. When 
there is a large number of varieties, it may sometimes 10 
necessary to sow or harvest replicates on different occasions. 
Again in some four replicate variety trials, one may went to 
confound two levels of nitrogen with replicates. Purthez', 
some measurements are expensive and have to be restricted to 
just one or two replicates. 
There are at present four main sources of incomplete 
block designs for unstructured treatments i 
Balanced incomplete block (BIB) designs (Fisher and 
Yates, 1963).  
Square and rectangular lattice designs (Cochran and 
Cox* 1957, Chapter 10). 
Two-maasooiate class partially balanced incomplete 
block (PBIB(2)) designs (Bose, Clatworthy and 
Shrikhands, 1954   and Clatworthy, 1973). 
Cyclic incomplete block (CIB) designs (John, Wolock 
and David,, 1972). 
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Mazy BIB and PBIB(2) designs have too many replications 
to be of much use for variety trial.; CIB designs are Th7 
useful In other applications but r'slatively few are resolvable. 
Only the lattice designs are automatically rsolvabl.. They 
were originally intended for variety trial work and still have 
an important part to play. But they are available only for 
limited combinations of parameters. Thus v must be of the 
form v a a' for square lattices and v- (s-i)s for 
rectangular ].attioes. 
Possibly because suitable incomplete block designs are 
not readily available, experimenters in the United Kingdom 
have tended to use simple randomized block designs with one 
replication per block, where in fact incomplete block designs 
(with block size say around 6-12 units) could be used to 
advantage. 
The construction of resolvable designs with two rsplioatss 
has been considered by Bose and Nair (1962) but their method does 
not gsneralize to larger replication numbers. David (1967) 
i,ysstigatsd the conditions under which CD designs are resolvable. 
The thesis sets out to extend basic principles of standard 
lattice designs to produce tables of useful resolvable designs 
for parameters in the ranges v < 100 and 2 < r <i. 
Chapter 1 deals with some general properties of block 
designs. We define a modified matrix of reduced normal 
siustione which provides the basis for a classification of 
block designs, described in Chapter 2. This classification is 
more gsnsrsl than that given by Pearce (1963) 9 and includes a 
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new class of resolvable designs which are defined in Chapter 3, 
The new designs (called cy-designs), are for km varieties, 
r replications and block size k units; they are constructed 
from a k x r array !• In Chapter 3 we also discuss som of 
the properties of o'-designs. 
Many a' -designs exist for each combination of parameters. 
In choosing between then, we would intuitively prefer designs 
with a narrow range of numbers of oonournoei • All a' -designs 
most include some zero oonourrenoea • Therefore the most 
acceptable designs are those with only zeros and ones off-diagonal 
in the concurrence matrix. We call these cy (01 )-designs. In 
Chapter 4. we show that a necessary condition for the existence 
of o(0,1)-designs is k< s. 
In practice we also require designs with k> s. For 
this we introduce (0,1 ,2).-designs in Chapter 5. We show that 
of (o,1,2)-designs with r> 2 can only exist for k < s. 
When the number of varieties does not factorize 
conveniently in the form, v km, we must relax either the 
condition of resolvability or that of equal block size. We 
feel that resolvability is essential for variety trials; 
unequal block sizes can be tolerated so bag as they do not 
differ by more than en. unit. Chapter 6 deals with the 
construction of almost equibleok-sised resolvable designs 
from -designs. 
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BLOCK DESIGNS IN =BUZ 
1.1 Suiapary 
This chapter gives a general introduction to block designs 
and some of their properties. In section 1.2 several types of 
block designs are defined including BIB and PBIB(ni) designs. 
The intrablook analysis is given in section 1.3 via the 
modified matrix of reduced normal equations, A whose non-sero 
latent roots are known to be the canonical efficiency factors 
for the design. 
In section 1.1,, a comparison is made of A with other 
matrices that have previously been suggested. The harmonic 
mean canonical efficiency factor is defined and compared 
with ether definitions of average efficiency- 
The dusl of a block design is defined in section 1.5. 
It is shown that the non-unit canonical efficiency factors 
of a design and its dual are the same. A relationship is 
given between A, the Moor*-Penrose generalized inverse of 
A, and 	the Moore-Penrose generalized inverse of the 
modified matrix of reduced normal equations, B for the dual 
design, 
Finally, in section 1.6 1, a model and full analysis 
ooabln4ng all intrablook and interblook information is given. 
It is shown how this section contains the theory of section 
1.3 as a special case. 
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1 .2 Block Designs 
1.2.1, Basic Definitions 
Definition 1,2.j, A block design is an arrangement of v 
varieties in b blocks, where theit" variety is replicated 
r. times and the Jth block contains k mita./ 
Hence if r is the v x I vector of numbers of replications 
and k is the b x I vector of block six" than 
a k'l . 	 (1,2.1) 
A block design is said to be 
squiblook-sised if 
k • hI, 	 (1.2.2) 
equireplicated if 
r - rI , 	 (1.2.3) 
Definition 1.2.2. The incidence matrix, N is a y x b 
matrix whose (I., j) 	element is the number of times the 1t h
th 
variety appears in the j th block of the design./ 
Definition 1.2.3. The soncwrsnoe matrix, tIN' is a v x v 
matrix whose (i, ,)th element is the number of tines the 
ith 'variety appears in the same block as the j th varielW 
of the design (Pearce, 1963)./ 
A block design is said to be binary if all the elements of 11 
are either zero or one. 
If the b blocks of a design can be subdivided into 
r groups such that each variety appears once in each group, 
then the design is said to be resolvable. Hence a resolvable 
design must be equireplicated, and each group is called a 
replicate. 
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Example 1.2.1. The design given in Table 1.2.1 for v 9, 
b - 12 is an equib]oak-'sized (k.)), •quirsplioated (r), 
binary resolvable design. / 
Table 1.2.1 
A binary resolvable block design 
Replicate 	1 2 3 4 
Block 	1 	23 4.56 789 101112 
036 01 2 01 2 01 2 
I 	4.7 34.5 4.53 534. 
258 678 867 786 
This thesis will be concerned only with binary block 




(j - 1,29 ...,b). 
A binary block design for which 
- v, 	 (1 .2.5) 
(3 
is simply a randomized block design; otherwise the design is 
said to be an incomplete block design. In other words a 
randomised block design is a resolvable complete block design. 
1.2.2 • Balanced IiiompletS Block (BIB) Designs 
Yates (1936b) first proposed the use of balanced 
arrangements as experimental designs. 
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Definition 1.2.4. A BIB design is an equiblock-sized, 
equireplioated binary design such that each pair of varieties 
appears together within blocks the some number, X of times./ 
Example 1.2.2. The design given in Table 1,2.1 for v = 99  
b • 12 in a BIB design with X - 
1.2.3, Partially Balanced Incomplete Block (PBIB) Designs 
These designs were first used by Yates (1936*) as lattice 
designs, and were formally defined by Boss and Nair (1939). 
The following definitions are given by kaghavarso (1971). 
Definition 192.5. Given v symbols 0, I t ..., v-I, a 
relation satisfying the following conditions is said to be an 
association scheme with a classes: 
(i) 	Any two symbols are either l et 9 t, ..., or mth 
associates, the relation being symmetrical.
th 
(ii) 	aoh symbol o' has flj i 	 associate,, the number 
n  being independent of y . 
(iii) If any two symbols a and P are i th associates, 
than the number of symbols that are j th  associates 
of CV  and kth associates of q in p and is jk 
independent of the pair of jth associates a' and P. 
The nuers vt n (i M 1,2,...,m) and p (i,j,kjk 
are called the parameters of the association scheme • / 
Definition 1.2 96. If we have an association scheme with a 
classes, then we get a PBIB design with a associate classes 
if the v symbols can be arranged as an equiblook-sised, 
equirepitoated binary design such that the number of 
concurrences of any pair of jth associates is x  
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Example 1.2.3. By taking the last 3 replicates of the design 
given in Table 1.2.1, we obtain a PBIB(2) design for v - b - 9, 
r - k - 3, X, - 0 9 X2 
W 1 association scheme is given in 
Table 1.2.2.1 
Table 1.2 * 2 
Association sohs of lresple 1.2.3 
Symbol 	 First Assoc iatSi 
0 	 1,2 
1 	 0,2 
2 	 0,1 
3 	 4,5 
3,5 
5 
6 	 7,8 
7 	 6,8 
8 	 6,7 
1,5 	 kxeL  
For the intrablook analysis, we assume a model of the form 
S i1 + X' + Z q + e , 	(1,3,1) 
where y is an n x I vector of observations, ii is the 
general mean, v and 9 are vectors of variety and block effects 
respectively, X and Z are oorze.poMing design matrices, 
i.e. the (i,j)th element of X is I if the th variety 
Is applied to the ith unit of the design, and t is a vector 
of random effects with (s) -0 and z(€')- 	i • The 
- - 	 - - Zn 
reduced normal equations for estimation of variety effects 
— 13 — 




- (x — Nk-6 ZI, 	 0 .3.) 
and N - X'Z is the inoidemoe matrix of the design (Definition 
1.2.2), r 8 is r written as a diagonal matrix and 	is 
the inverse of ?. The v x v matrix 2 is called the 
matrix of the reduced normal equations. 
It follows that N'I - k and Ni - r, hence 
op 0. 	 (1.3.5) 
dW 
Throughout this thesis we will asss all block designs are 
connected, hence C will be positive semidefinite with rank 
v — I (Raghavarao, 1971, page 49). 
Let 2 be a vector whose I element is Jr1 , and 
define 
(1,3.6) 
The matrix A is very important in investigating the properties 
of a design, and in sections 1*4 and 2.2 9 A is compared with 
other matrices that has previously been suggested. 
Premultiplying (1 -3-3) by P 6 gives 




The matrix A may be written in the spectral form 
v-I 






where 	0 and zo a 	p • The • (i  
are oaflsd the canonical efficiency factors of the design and 
play a fundamental roll in the structure of the design (Jams. 
and Wilkinson, 1971). 




d 	 • 	 (1.3,9) 
— 	u-I U -U "U. 
Thus the solution of the reduced normal equations becomes 




V • 	£ 	• 	 (1.3.11) 
Then 
V 	a 0 9 	 (1.3.12) 
and 
Var() 	V all 	 (1,3,13) 
1.4. Efficiency Factor. 
The importance of the canonical efficiency factors has 
been realised by Jams (1959) and Ca1(n.kl (1971 ) • Jones 
define, the matrix 
IL 	r 	(N 	N ), 	 (1,1) 
which has latent roots I — e (i • 0 9 i t •.., v-I) 
Cslin.ki oonsiders the related matrix 
M0 - Mu - 1 r , 	 (1.4.2) 
with latent roots 0, and l_ei (i 
a 1,2,...,v..1), as pointed 
out by Pearce, Calinski and Marshafl (1974.) • These matrices 
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are less convenient than A. Uni 4b* A, they are in general not 
sjmRetrio when the design is isiequafly replicated. 
We now define an average canonical efficiency factor. 
Definition 1.4-e-1 9  The harmonic mean canonical efficiency factor 
(h,m,o.ef.), I of a design is defined as the harmonic man of 
the canonical efficiency factors, i.e. 
a .1 	 (1.4.3) V-1 —1 
r • 
u=1U 
For equir.plioated designs, £ 18 identical to (1) the average 
off ioienoy factor, IC given by Bose, Clatworthy and Shri khathe 
(1954), John, Wolook and David (1972) and (ii) the harmonic ran 
of the pairwiss efficiency factors, 8' given by Pearce (1970). 
In general, however, in unequally replicated designs 
but is a function of F defined by k learoo (1970) as 




Hence from (1.3.11), 
a tr(&4) + I tr (flp').  
8 	 n 
But tr(A4 ) is equal to the sun of the latent roots of A, 
which by (1.3.9) and (1.4..3) is equal to 	• hence 
• 	2+i. 	 (1.4.7) 
S 
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Theorem 1,1.1 • The smallest canonical efficiency factor (e) 
Is the Sinimm efficiency that any varietal contrast 1 (i'l a  0) 
can attain. 
We compare the variance of a oontre.et 1 with the 
randomised block situation, i.e. 
1'p 	Q' 1 a 
2 Y 
• 	 (1 .4,8) 
is the .ffioiency factor for the contrast 1. 
Put 
i.e. 	'p .0.  
Thin from (1.4,8) 9 we want to m4n4m4se 
q9 q 
(1,4.11) 
i.e. we want the inverse of the maximum latent root of A' 
which is emin (Rao, 19739 page 62) .1 
1.5 Dual Des is 
Definition 1950. The dual design of a block design with 
incidence matrix N, is the block design with incidence matrix 
NO .1 
Thus, the dual is obtained by interchanging the block and variety 
symbols In the original design. 
Let K be a vector whose j element in fk and 
analagous to (1,3.6), let the b x b matrix B for the dual 
design be given by 





-3 	— D •N K 	 (1.5.2) 
— — — 
Note that (1.3.6) oould be written as 
A a I, - DD' . 	 (1.5.3) 
Theorem 1,5.1. A block design and its dual design have the seme 
non-unit canonical efficiency factors. 
Proof 	Since DOD and DD' have the same non-zero latent roots 
then from (1.5.1) and (1.5.3) 9  A and B have the same non-unit dW 
latent root.. But the latent roots of A and B are the 
canonical efficiency factors of the design and its dual 
respeotively./ 
In later chapters we will be particularly concerned with 
designs for variety trials; in this situation v is usually 
larger than b • Hence Theorem 1.5.1 is very important since to 
find the canonical efficiency factors and I for the design, 
It is only necessary to find the latent roots of the smaller 
matrix B. The following result is also particularly useful 
when v > b as it enables V tobe obtained from B. 
Theorem 152 	The Moore-Penrose generalized inverse of A 
may be written in the form 
+ 	 +. A • I + D B D — .1 pp.. 
— -v — — — n 




IT M 	say. 	(1.5.6) 
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Hones 
-.1 	 —1 
- (T-) • 	 (1.5.7) 
From (1.3.8) 9 G may be written in the spectral form 
G - Y 0 - e ) r 	'S 	 (1.5.8) 
_ 	u-I 	U -u -U 
Thus provided the design is connected, all the latent roots 
of G are strictly 1.aa than 1, so we may expand the right 
band side of (1.5.7) in a power series, i.e. 
- 
•+ DD' + (D') 2 + ..., (nod pp') 
• I + 11)'D' , (mod pp'). (1.5.9) 




.s DB'D, (mod 1) 	 (1.500) 
Then 	may be obtained since from (1.30), Ap - 
Hence, it may be more convenient to substitute (1.5-4) into 
(1.301) if B is easier to obtain than 
1.6 Recovery of Interblook Information 
Instead of (i..i), we assume the mode]. 
- u1+Xc+,  
where now € is an n x I vector of random effects with 
- c,2(I + 0 £ k 6 z'), 	(1 6.2) 
Since we will be concerned with designs for variety trials, 
we assume a within-block correlation Inversely proportional to 
block ciie as suggested by Patterson and Thompson (1971 ) • The 
constants to be estimated in this model are lit Zo a
x and 00 
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If 0 is icxowr., then the vector 	wl.oh m(imiaes 
(y - Xcv)'(I + 0 z fZ')" 1 (y 	(1.6.3) 
estimates Y •ffioientiy. By differentiation, the equations 
fOr 	are of the form 
- r 
where 
NkN') 0_1 + 1__. 
I (x' 
Define 
-. 	—; A*=() C 1'p 
Prsaltipiying (1 .6.4) by 	gives 
- (p'6 Q 1') • 
Prcei (1.3,6) 




( 1 .6-7) 
(1.6,8) 
(1 .6.9) 
time from  (1.3.8), A 1' may be written in the spectral form 
,-1 




U 	0+1 Ø'+i U 
Henos A1' is non-singular unless prl - 0, when (1.6,8) 
rettuo.s to (1.3.7). However for the inversion of ., 
sinoO •* may be very small, it is better to use an efTeotiv 
inverse, A* 9 of A* given by 
u-I A. - T (*) 	' r' • 	 (1.6.11) 
-20- 
An effective inverse does not necessarily satiety the condition 
AAA • A for a generalised Inverse of A* . but it allows the 
solution of a not of equations with redundant specification. 
Note that when Pr • 0,, A = A. Thus the solution of (1 .6.8) 
becomes 
= "ø 6Ap 8 )Q , 	 (1.6.12) 
- V*Q* 
where 
• 	 (1.6.13) 
Then 
• 0  
and 
Var(r) 	v* 	. (1 .6.15) 
ample 1.6.1. Pa' a BIB design 
A  I (I_!J) , 	 (1.6.16) 
i.e. all the canonical efficiency factors are equal to L 
Hence from (1.6.9), 
	
KI- 	- _. 	+E i - 	 . 	(1.6.17) - 	g_1 .1 	v(0 1  + 1) 
Then 
S ____ A - 	 , (mod J) , 	 (1.6018) 
and from (1,6.15), the variance for the comparison of two 
estimated variety means is 
27  
(1.6.19) 
This is equivalent to the Sxeseion obtained by Cochran and 
Cox (1957, page 445)./ 
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Finally, the following points should be noted 
(I) In this section we have assumed that 0 is known. In 
practice 0 must be estimated either by equating sum  
of squares in the analysis of variance table, to 
expectation (Cochran and Cox, 1957),  or by some other 
methods (s.g. Patterson and Thompson, 1971). Errors 
In the estimation of 0 will have an effect on V', 
usually small (Cochran and Cox, 1957 s  page 399). 
(ii) The quantities e 	given by (1.6.10) may be thought 
of as modified canonical efficiency factors • When 
- 0, • - S (u a 1,2,...,'v-l), and the combined 
analysis reduces to the intrablook analysis. When 
0 = 0, e* a I (u - 1 9 2,...,v.'1 ) and the combined 
analysis reduces to a randomised blocks analysis 
(Cochran and Ccx, 1957,  page 384). 
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CLASSIFICATION 07 BLOCK DESIGNS 
2.1 8azy 
This chapter is concerned with d.fn4-ng a system of 
classification of block designs, much more general than that 
given by Pearce (1963), and including 5Svi1 structures which 
will be used extensively in later chapters. 
A brief history of block designs is given in section 2.2, 
and the effect of increased computing power on the development 
of block designs is discussed. 
In section 2.3 9 the theory in Appendix A on matrix structures 
is applied to the A matrices of equiblook—sized equirsplicated 
designs. A system of classification of block designs is given 
according to the structure in A and it is shown that many of 
the ooion designs can be fitted into the classification. 
Some designs, for example the a qrs and rectangular 
lattices, may be defined according to the structure they exhibit 
in the dual matrix B and these designs are investigated in 
section 2.4. 
2.2 D.velo*nent of Block Desims  
After Yates (1 936b) introduced BIB designs, it soon 
become apparent that they existed for only a limited number of 
psramotez' combinations • Hence PBIB (a) designs were form-.11y 
defined by Boss and 'air (1939) 0 which greatly Increased the 
number of available designs. 
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At that time, desk machines were used for statistical 
analysis and hence the emphasis was on constructing designs 
allowing simple analysis, and in particular, with readily 
obtainable varinnos matrices. The conditions for an association 
sahws with a classes (Definition 1.2.5) guarantee that the 
variance matrix will. have the sema element down the lead 
diagonal and a distinct elements off-diagonal. (Shah, 1959), 
Hence after BIB designs (which may be thought of as PBIB(1) 
designs),, the main designs of interest were PBIB(2) designs. 
Since then PBIB(2) designs have been studied in great 
detail and many interesting combinatorial. problems have developed 
(Raghavarso, 1971). Extensive tables of PBIB(2) designs have 
been produced (Boss, Clatworthy and Shrikhande, 1954 and 
Clatworthy, 1 973) • However, due to the complex nature of 
higher-order association schemes, not much detailed work has 
been done on PBIB designs for a ) 2. 
Even with the addition of PBIB designs, there were still 
many parameter combinations for which thore was no design 
tabulated. However, with the advent of powerful computers, 
there was not the same need for the variance matrix to have a 
simple structure, as the actual analysis of experiments became 
-1 
much easier. Thus attention was directed more to the .i,i 
matrix defined by Tooher (1952) as 
- C+ I — rr . 	 (2.20) - 	- n - - 
Pearce (1963) defined a classification of designs based on 
the struottwe of n7l . John (1966) and John, Wolock and David 
(1972) produced extremely useful tables of cyclic incomplete 
.' 24.- 
block (CIB) designs by concentrating on the off-diagonal elements 
of the concurrence matrix. 
In the next sections the ideas of Pearce 0 963) are extended 
by classifying a large range of designs according to the structure 
possessed by the matrix A. 
2.3 Matrix Structures 
Instead, of basing the classification of block designs on the 
pattern of .ct, as done by Pearce (1963), we will use the matrix 
A which was shown in section 1.4 to have an important inter-
pretation in terms of the canonical efficiency factors. From 
(1.3,6) and (2.2.1) 
A • o,-'o' - 	 (2.30) 
so that for squireplicated designs, the pattern of ct71 and 




Hence the pattern of A depends on the concurrence matrix, 
N No (Definition 1.2.3). For the rest of this section we will 
be concerned only with equiblook-sised, equireplioated designs. 
Thus (1.3.11) becomes 
V - 1. A' • 	 (2.3.3) - 	r - 
Appendix A contains the definitions and properties of 
seversl matrix structures based mainly on the airoulant matrix 
(Definition A292 ), We sbaU now describe how theee structures 
can be applied to the A matrices of 'various block designs, and 
or 
show that Appendix A imaludes many of the structures given by 
Pearce (1963) • It the A matrix of a design has a certain 
structure then we will say that the design also has that structure. 
However in adopting this convention it is important to note that 
a permutation of the variety symbols may alter the structure 
possessed by the A matrix and hence by the design. 
2.3.1. C Structure (Definition A02.2). 
This structure in exhibited by CTh designs (John, 1966), 
These designs are obtained by cyclically developing some number of 
Initial blocks, modulo v. 
zai 	For v - b 	, r . k • 3 consider the CTh design 
obtained from the initial block (0 1,1 8,2) and given in Table 2.3.1(1). 
Here 
- ! - i 	' ff , 
where 




0 1 2 3 2 1 
101 232 
2101 23. 
Hence A i8of the fors (A.2.1) with 8ui', 81 p51' 
I 
04.9 	A 3 . 2 	 0•/" 
From (2.3.3) and Theorem A.2.3, it follows that if A has 
C structure then V win also have C structure. Pearce (1963) 
has called designs with C struoturs, Type C designs (as. 
Table 2.3.2). 
- 26 - 
2.32. BC Structure (Definition A.3.1) 
This structure will be used extensively in resolvable 
designs for variety trials (Chapters 3-5). 
Example 20.2. For v 1 2,r.3,b9,k4 consider the 
resolvable design given in Table 2-3.1(11). Here A is of the 
for a(A.3.1) with t.,s.3 and 
	
9 -2 -2 -1 	 0 0 0 -2 
1 	-29-1-1 	 1 	-1 0-1-1 
1-2 -2-1 9-1 9 	 -1-1 01 
-1 -1 -1 	9 	 0 -1 -f 0 









L..2 -1 -1 OJ ./ 
From (2.3.3) and Theoren A.3.4 it follows that if A has BC 
structure then V will also have BC structure. The Type E 
designs defin.d by Pearce (1963) are special oases of BC structure 
with 
2 	 2 -	•.. • 	(as. Table 2.3.2). 
2.3.3. GC(n) Structure (Definition A.4.1) and BGC(n) 
5ttuxs (Definition A.5.1) 
Thee. structures are generalisations of C structure and BC 
structure rsspsotively. They are very useful for confounded 
factorial sxperiunts. For swasiple, John and Smith (1972) 
oonsider BGc(2) structure, John (1973) considers GC(n) structure 
and Cotter, John and Smith (1973) consider BGC (n) structure. 
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Example 2.3.3. For v - 9, r a 28 b - 6, k 3 consider the 
resolvable design given in Table 2.3.1 (iii). Hers 
- 
whir. 
2 0 0 1 0 1 1 1 0 
020 1 1 0 01 1 
002 01 1 1 01 
N NO . 
1 1 0 200 1 01 
01 1 020 1 1 0 
1 01 002 01 1 
1 01 1 1 0 200 
1 1 0 01 1 020 
0 1 1 1 0 1 0 0 2 
Hence A is of the fOrm (A.4. 1 ) with n * 21 , i.e. GC(2) structure, 
and a  p 2" 00 	91020Q21  °12Z' 
A 0i A Ii - 02 -A - 01 /22 
From (20.3) and Th.oraA.4.3 and A.5.4., it follows that if A 
has GC(n) structure or BGC(n) structure, thin V will also have 
respectively C(n) structure or BGC(n) structure. 
293.4. DC Structure (Definition A.6.2) 
Designs with this atrueturs provide a useful extension to 
CIB designs • ('iven an initial block, suppose we cyclically add 
I to eah even element of the initial block (as is done with 013 
designs) but oyolicslly subtract I from each odd element of the 
initial block, then we obtain a design with DC structure. 
S 
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impe2.3.4, For vBba6, r-k-3 and with the initial 




321 01 2 
230 1 21 
1 032 1 2 
N N' - 
0 1 2 3 2 1 
1 21 230 
21 2103. 
Hence A is of the form (A.6.2) with 00 9 02 04 	3 
Note that designs of this type are binary only if v is even. 
When (A.6.3) is satisfied, then from (2.3.3) and Theorem A,6.3 
it follows that if A has DC structure then V will also have 
DC structure. 
2.3.5. BDC Structure (Definition A.7.1) 
This structure will be used in Chapters 3 5 as a supplement 
for BC struoture, in oases where the latter is not suitable. 
Example 2.3.5. For v - b 12, r - k - 3 consider the resolvable 
design given in Table 2.3.1(v). Here A is of the form (A,7. 1 ) 
with t - 3, $ - 4 and 
r6 -i -1 	[0 0 -11 
200 	-1 	6 _1 '02I  0 0 •••1 
	20 B Q3 BO. 
-1 	61 	[-1 ..1 	0] 
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0 -1 0 	 0  
11 	
: 	 [:: : : 1 .21012.9.1  
When (A.7.2) is satisfied, then from (2.3.3) azA Theorem A.7.3 
it follows that if A has BDC structure then V will also have 
BDC structure, 
2.3.6, BF(n) Structure (Definition A.81) 
Example 2.3.6. For v - 90, r 2 9 b 6 9 k - 3 consider the 
resolvable design given in Table 2.3.1 (vi). Here 
- 
where 
200 01 1 01 1 
020 1 01 1 01 
002 1 1 0 1 1 0 
N NO - 
01 1 200 01 1 
1 01 020 1 01 
1 1 0 002 1 i 0 
01 1 	01 1 	200 
1 01 	1 01 	020 
1 	1 0 	1 	1 0 	002 
By Definition A,80 9 A has BF(2) structure with •1 •2 - 
and 000 u' 9 A 01 	io' 
BF(n) structure is exhibited by n factor balanced factorial 
experiments (Raghavarso, 1971, page 257) as well as by many of 
the structures defined by Pearce (1963) and given in Table 2.3.2. 
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Note that the examples in this section have been chosen to 
illustrate the various •truoturee as beat as possible for small 
Y 0, and in this situation particularly, it is likely that $ 
permutation of the variety symbols in one structure will produce 
another structure. For example, by applying the permutation 
(0 1 	2 3 4. 5 6 7 8 
1 2 5 3 4 7 8 6 
we may convert the design with GC(2) structure given in 
Table 2j.1(iii), into the design with BP(2) structure given 
in Table 2.3 .1 (vi). Howevez this will not be possible in 
general* 
2.3.7. OF(n) Structure (Definition A90) 
This structure occurs when a complete set of latent vector. 
for A can be identified as a complete set of contrasts for a 
factorial design with n factors. 
Example 2.3.7. Consider the design with BF(2) structure given 
in Table 2.3 .1 (vi). A complete •.t of latent vectors for £ 
is given by the normalised oolisns of the matrix 
I 	I 	1 
1 	0-2 	1-1 	00 2-2 
1 1 1 0 2 0 2 0 -2 
1 0 -2 0 2 0 0 0 4 
1 -1 1 0 2 0 -2 0 -2 
1 0 -2 -1 -1 0 0 -2 -2 
1 -1 1 -1 -1 1 1 1 1 0 
- 1 - 
But with the mapping 
	
(0 	1 	2 	3 	4. 	5 	6 	7 	8 
00 	01 	02 	10 	11 	12 	2) 	21 	221, 
the columns of the above matrix can be recognized as a complete 
sit of oontraats for a 3 x 3 factorial design, hence the 
design has OF(2) structure. Alternatively the result is given 
directly by Theorem A.902./ 
293.8. LStruoture (Definition A.1O.1) 
This structure corresponds to that given by Pearce (1963) 
for Type P designs (see Table 20.2), the only difference being 
that we &efine the structure on A rather than All 
the exaaplea considered in this section have P structure except 
the design with BC structure given in Table WOW), 
It does not necessarily follow that if A has P structure 
then V will also have P structure. Per example, for most of 
the designs which will be oonstrmat.d in Chapters 3-4., V will 
not have P structure. However it follows from Definition 1.2.6 
that for all PBIB designs, A and V both have P st*uctur.. 




A design with C structure 
Block 1 2 3 4 5 6 
o 1 2 3 4. 5 
1 2 3 4. 5 0 
2 3 4 5 0 1 
(ii) A resolvable design with BC struoture 
B.splioats 1 2 3 
Block 1 2 3 4 5 6 7 8 	9 
01 2 01 2 01 2 
34.5 34.5 534. 
678 867 678 
9 10 11 10 11 9 10 11 	9 
(iii) A resolvable design with GC(2) structure 
Replicate 1 2 
Block 1 2 3 4 5 6 
01 2 01 2 
34.5 534. 
678 786 
(iv) 	A design with DC structure 
Block 	1 2 3 	4 5 	6 
0 1 2 	3 4. 	5 
1 0 5 	4 3 	2 
5 4 3 	2 1 	0 
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Table 2,30 (oontxiu.d) 
(i) 	A resolvable design with BDC structure 
Replicate 1 2 3 
Block 1234 5678 9101112 
01 23 1032 2301 
4567 6745 7654 
891011 111098 981110 
(vi) 	A resolvable design with BF(2) structure 
Replicate 1 2 
Block 1 	2 3 4 	5 	6 





Compariaoi of present classification with tkat of Pearce (1963) 
Pearce alas eifipatio 	 Present alas sifioation 
Type C 	 C structure 
Type R 	 BC structure with a 1 
 fl2B •••_- 
Type 0 	 BP(1) structure with 0 . 
Type T 	 BP(1) structure 
Type G 	 BP(2) structure with A B10 	11 
Type P 	 BP(2) structure 
Type P 	 P structure 
35 - 
204 —Dual atrjx_Strtre 
Sometimes a block design will possess a simpler structure 
In its dual matrix B (given by (1.5.1)) than in A. 
Rxemple 29491. For the design given in Table 2.3,1 (ii) we can 
	
haw that B has BF(2) structure with $1 - 2 	00 a r2 
n .o, e10._, 11 •01 
Thus although A does not even have P structure, B is highly 
structured. / 
Some well-known designs may be dsfined according to the 
structure they exhibit in B. Per example, we consider the 
square and rectangular lattice designs (Cochran and Cox,, 1957, 
chapter 10) 9 
2.4,1, Square Lattice Designs 
These we •quireplioatM eq4b].00k-sized resolvable designs 
with parameters 
yas, b - re, k - s. 	(2.4,1) 
More oomacsi oases are the simple square lattioe (r 2), 
triple square lattice (r a 3) and balanced square lattice 
(r • • • 1). 
Detnition 2.4.1. If for a resolvable design with parameters 
(2.4.1) 0 B can be written in a form with BP(2) structure, 
where s1 -r, •2' s 
	
r 	01 
°rn -11i, than the design is a square lattice design., 
For example, the design given in Table 2.3.1 (iii) is the 3' 
simple square lattice design. 
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2.4,2. Rectangular Lattice Deaiis 
These are equirepliosted, squiblook-sized resolvable designs 
with parameters 
v(s..i)s, b - re, kze-1. 	(2.4,2) 
The.e designs were first introduced by Harehbarger (194.7) to 
provide useful designs for variety numbers between the allowable 
values for square lattices. Common oases are simple (r - 2) 
and triple (z' a 3) rectangular lattices. 
Definition 2.4,29 If for a resolvable design with paremitsre 
(2.4.2) 9 B can be written in a form with BP(2) structure 
where • .r 	2' 	 -1. 01, 
- i - 0 then the design is a rectangular lattice design./ 
For example, we can show that the design given in Table 2.3.1(v) 
is the 3 x 4. triple rectangular lattice design. 
Note that we could have written (2.4.1) and (2.4,2) in the 
form 
v - a, b - re, 	 (2.4.3) 
for ka,a-1 respectively. 
The study of realvable designs with parameters (204,3) 
but for other values of k> r (i.e. v> b) will be the subject 
of Chapters 3-5 of this thesis. 
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CHAPTER 3 
A NEW CLAMS 01 RESOLVABLE BLOCK Di3I(2S 
3.1 Introduction and 8iauz 
For the remainder of this thesis, we will be ooiernd 
mainly with the construction of resolvable block designs for use 
as variety trial designs, The number of varieties is usually 
large, but the number of replications of each variety is small. 
We will mainly be concerned with the ranges b < v < 100 and 
2<r4. 
The square and rectangular lattice designs are well bin 
resolvable designs which may conveniently be used as variety 
trial designs, and by writing their parameters in the form 
(2.4.3), we may obtain a possible extension for v b, i.e. 
V - ka, 
b a rs, 
	 (3,1.1) 
Ru. 
In this chapter, a new class of resolvable designs with 
parameters satisfying (3.1.1) is defined. These designs are 
obtained by oyo]io develont (mod I) of the columns of a 
k x r array; in section 3.2 or-designs are defined and it is 
shown that these designs have BC structure. The construction 
of a-designs is modified in section 3.3 to produce resolvable 
designs (called s-designs) with BDC structure. 
A method for the speedy calculation of the h.m.o.e.f, 
of a-designs from the elements of z is given in section 
3.4., and in section 3.5, the reduced ftnn for an array z 
is defined. 
- - 
In section 3.6, a useful computational form is given for 
the variance matrix, and a procedure for conveniently representing 
the pairwias variances of a-desiia in outlined. 
Finally, in section 3.7, the problem of allocation of 
control varieties to the symbols of o'-dsaigna is considered. 
3.2 i9jerstion of -Dssiia 
Let a be a k x r array whoa. (1)tIl element is 
where 0 C a < a for some positive integer a, 
(i - 0, 1, •.., k-I; a - 0, 1, ..., r-1). We construct a 
resolvable block design from cr in the following way. 
C onstruction 3.2,1 • (i) From each column of a' we produce 
- I additional column by oyo].toslly adding I to each element 
of the ooltan and reducing modulo a. This will produce a 
k x rs array, say e. 
(ii) To the elements in the 1th row 
of o* we add. the integer is (1=0 0 1, ..., k-1)./ By 
interpreting the columns of the resulting array as blocks, we 
obtain a block design for ka varieties, re blocks and block 
sime k • Furthermore the design is resolvable since each of 
the r column of cv has generated a complete replicate of the 
design. 
Ix.wple 3.2.1. For r - 3, k - A., 5 = 3 let ry be given by 
o 	0 	0 
o 	0 	2 
a - 	 p 	(3,20) 
- 0 	2 	0 
0 	1 	1 
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then 
012 	012 	012 
01 	2 	01 	2 	201 
- 
— 	01 	2 	201 	01 2 
01 	2 	1 	20 	120 
The resulting blook design for v 	12, r - 30  b - 910 k 	I is 
given in Table 2.30 (ii)./ 
Definition 3.2,1 • 	A resolvable .quibloøk-sized design 
obtained from an array a 	using Construction 3.291 is osU.d 
an 
We now obtain the concurrence matrix of an cr-des ii. 
For particular 	1,1' (i 	l'j 	1,1' - 09 19 ..., k-I), lot 
be the vector whoae 	hth  element (Ii a o, I, 	..., si-I) 
is the number of time 	h appears among the r 	differences of 
the form 
a1 , 	a3 	, (3.2.2) 
(m - 00 1, 	..,, r'-i). 
suppose we let 	' a,) 	represent the 	a x a oiroulant matrix 
with first row W' 3.1 ,, 
	then we may show the following result. 
Theorem 3. 2,j. 	The oonourronos matrix of an cr-deai 	is 
given by 





and hence an n-design has BC 	truotur../ 
anp1.3.2.2. For r-3,k-4,s-3 let cy be given 
by (3.2.1). 	Then 14 	= !.!02 - (2,0,1)', 1.10,  - (1 9 2,0) 1 9 and .01 
12 	13 	
23 (1,1,1)'. Inoe for the cy..deai obtained 
from (3.20), 
3I (20 1) (201) (12 0) 
(210) 31 (iii) (iii) 
NNI (210) (iii) 31 (III) •/ 
(1 0 2) 	(lii) (i 	1 1) 31 
We define the dual array of a as follows 
Definition 3.2.2. Let 	all be an r x k array whose (m,l)th 
element,, 	a'03 - _& 	(1 	00 1,..., k-I; a - of i t 	•.., ri), 
than 	y' 	is called the dual 
so 
array of z • / 
For example for the array Z given by (3.2.1) 8, 
0 0 0 0 
	
cy' n 0 	0 	1 	2 	. 	 (3.2.5) 
0 	1 	0 	2 
Theoraa 3,2.2, The dual design of an 9-design is the 
o"-desii obtained from the dual array ri'. 
Proof. The element 1. + 11 in the o'-design yields the 
is + hthl block of the dual design (1-0, 1, •.., k-I; 
h a 0, I t ..., 81). Hence the elements of the is + hth 
block of the dual design are as + (h a), (m O,1,...,r-4), 
which by Construction 3,2.1 are the elements of the design 
obtained from, fy './ Thus if 10 , is the vector whose hth 
•ieusant (h = 09 1, ..., s-I) is the number of times h 
appears among the k differences of the fora 
— 14.1 — 
all 	mi £ s' 	( 
	
(3.2.6) 
(1 - 0, 1, most k-1)1. 
we have the following corollary. 




kI 	I!'oi 	• • S .8 
1'io 	kI I -5 	 I 
• . 	 I 
• 	 S I 
• S 	 I 
(T1Ir_io) 	 U I — 	 -a j 
(3.2.7) 
and hanoe the dual design of an *—design has BC structure. / 
33 Generation of -Designs 
as 
In this section we give a modified form of Construction 
3.20 which for certain parameter values, generates more 
des irabi. resolvable designs than a-designs. 
Lot q be a k x r array whose (l,m) th  element is b, 
where 0 < b is < $ for some positive integer s 
(1 n 0 0  19 •.•, k-I; m - 0 9 1, •.•, ri). 
We construct a resolvable block design ftm I in the following 
way. 
Construction 3,3.1, U) From each column of q we produce s-I 
do 
additional columns by cyclically adding I to each even element 
of the column and cyclically subtracting I from each odd 
element of the colime, all operations being carried out 
module a. This will produce a k x re array, say 	. 
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(ii) To all the elements in the i th row of P 
we add the integer i.e (1 - 
By interpreting the column of the resulting array as blocks we 
obtain a resolvable block design for ks varieties, ri blocks 
and block sis* k. 
aap]..3,3.1. For r*3, k=3, s=1,l.t 	begivsnby 
	
o 	1 	2 
• 0 	2 	3 	 (3.3.1) 
0 	3 	1 	, 
then 
01 23 	1 032 	230 1 
••0 1 23 	2301 	3210 
01 23 	3210 	1 032, 
i.ee we cyclically subtract I from the odd elements I and 3 in 
(34.1), The resulting block design for v - 12, r a 31, b • 12, 
k = 3 is given in Table 2.3.1(v)./ 
Definition 3.3,1 • A resolvable equiblook-sized design obtained 
from an array 2 using Construction 3.391 is called a P..design./ 
&nalagoua to Theorem 3.2.1, we may prove the following result. 
Theor.* 3,3,1 • A 'a-design has BDC structure./ 
We define the dual array of g  as follows: 
Def'initio 3.3.2. Let 0'  be an r x k array whose (1)th 
element, b' z blo, if b 	is odd, andJAI 
• £b, if b 	is even, 
(1 - O,1, ... ,k-1 ; m =  
then 0' is called the dual array of 0./ 
bmap3e3.3.2. For r.3, k7, 88 let a begivsnby 
o 1 1,. 
o 6 5 
o 3 2 
0 4. 7 
0 5 3 
0 2 6 
0 7 1 
than 
0000000 
- 1 2 3 4. 5 6 7 
4 5 6 7 3 2 1 .1 
Azialagous to Theorem 3.2.2, we may prove the following result. 
Theorem 3.392. The dual design of a a-design is the '-design 
obtained from the dual array ' .1 
Corollary 3.3.3. The dual design of a .-design has BDC structure./ 
We will not consider Q-dssigna in detail in this thesis, but 
they will be used in certain oases to supplement the o'-dssigns. 
3,4 Efficiency Factors of -Designs 
In constructing their tables of CIB designs, John, Wolock 
and David (1972) chose, for each not of parameters v, k and r, 
the CIB design with the highest I • We will also use this 
criterion for choosing tv-designs. This will Involve a comparison 
of It for a large number of a-designs, so that an efficient 
way of calculating I is need.sd. In this section we show that 
can be obtained directly from the elements of the aray ,. 
We assume vb, and hence by virtue of Theorem 1.5.1, it 
is easier to obtain the canonical efficiency factors of the 
- 44 - 
o"-design, which by Corollary 3.2.3, has BC structure. 	f.ncs, 
]at B be given by (A.3.1 ) with t = r. By TheornA.3,1, 




- 	) r 	- o,  
- 
(u not  1, •.•, s-I) 
where from (3.2.7), 
• 10 1 _,_, If lm, -u 	 r 
	
I 	h 	)h 
(3.4.2) 
- 	 ( otherwise*  
Hence when u - 0, (3.4.1) may be solved directly since 
* 	' 	' 	 (3.4,3) 
which has latent roots 
g00 - o 
and 
Of 
• I t 
(1' • i s ..., r..I) 
Now from (1.4.3), (3.4.14.) and Theorem 1.5.1 we have 
- 	ks-I 	 (3.4.5) (k-i'). + r-1 + 
where 
r-I s-I 
• z 	 , 	 (3.4.6) 
taO ui1 	Ut 
and if we let ' be the h,m,os.f. of the o"-dsaign, then 
- 	i's-I 	 (3.4.7) 















I 	coefficient of K in the uth  characteristic equstion 
U. 	
constant term in the 0111 characteristicequation 
(3.4.10) 
(u - 1, 29 ..., s-I) 
Thus 1 can be calculated directly from the characteristic 
equations (3..i) without having to calculate the latent roots 
of h • In Appendix B. the equation. (3.4.1) are simplified 
for the oases r - 2, 3, J+ and explicit expressions are obtained 
for (3.4,10) in terms of functions of the elements of cv • They 
provide an effective procedure for computing I for a-designs 
when r-2,3,4.. 
3.5 A Reduced Form for a 
Definition 3,5,1 • Two arrays, say a' and 	with the same 
parameters k r and $ are said to be equivalent (a. u Z2 if 
the a-designs produced by each array have the same set of 
canonical efficiency factors • / Hence equivalent arrays produce 
-des igna with the sane 1 • The following theorem simplifies 
the problem of trying to find the cv-design with the highest I. 
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Theorem 3.51 	Every array a' is equivalent to a special array, 
called the reduced array for a' , with all elements in (i) the 
first row and (ii) the first column equal to zero. 
Proof. (i) It follows from Construction 3,2.1 that we may 
substitute each column of a' with a column starting with 0, the 
result simply being a rearrangement of the blooks of the a-design. 
(ii) Follows by applying argument (i) to the dual array  a". / 
Note that for equivalence operation (i), the latent vectors of A 
remain the sane, but this is not true in general for squiva]enoe 
operation (ii). This is important if 07(2) structure is 
considered for '-designa. 
Clearly Theorem 3.5.1 also applies for any dual array a". 
Example 3.5.1. For r3,k4,s3 lot a'b.giyenby 
1 	2 	2 	1 
	
a" • 0 	1 	2 	2 	(3.5.1) 
2 	1 	0 	1 
0 	0 	0 	0 
• 2 	2 	0 	1 	(3.5.2) 
1 	2 	1 	0 
(add (2,1,1,2), mod 3 to each row of (3.50)), 
o 	0 	0 	0 
• 0 	0 	1 	2 	(3,5.3) 
o 1 	0 	2 
(add (0 9 1 9 2)', mod 3 to each colum of (3.5.2)), 
and now (3.5.3) is in reduced form. / 
- 
3.6 Variance Matrix of 0.rDs.igs 
In general for variety trial designs,, b will be much 
smaller than v and hanoe to obtain V • it is better to use 
(1.5.4), i... from (2.3.3), 
B 	(I + 	N B N'), (mod J ) , 	 (3.6,1) vrk -. -. 	 -v 
From Theorem A9394.9 it follows that for ''.designa, V has 
BC structure; however in general ! doss not have P structure. 
Hence V may contain many distinct elements on aixi off the lead 
diagonal • However from the proof of Theorem 1.5.2 we see that 
can be expressed as the power series 
V • 	(I +(jNN') + (NN')+...), (mod J), (3.6.2) - r..v 
which could be approximated by the first two terms, i.e. 
z 3(I+NN') (modJ). 	 (3,6,3) 
It follows that paizwiss variances can be grouped according to 
the number of distinct off-diagonal elements in N N'; $ 
convenient summary of the main features of V is provided by 
the arithestic mean and range of the pairwise variances for 
each group. This ides has been used by Cochran and Cox (1957, 
Page 422) for the rectangular lattice designs. 
3.7 The Incorporation of Control Varieties into "Designs 
Coomonly in variety trial experiments, several (say, t) 
control or standard varieties are included. The main contrasts 
of interest are then the comparisons of the mean of the control 
varieties with each new variety. It is clearly desirable that 
the control varieties be spread as evenly as possible over the 
b blocks of the design, 1or some methods of construction a 
satisfactory allocation of control varieties to the symbols of 
the design for t> 1, may be hard to find. Construction 3.2.1 
for or-designs allows a suitable set of controls to be readily 
identified. Suppose for example, the symbols 0 1, 1 1, •.., ti 
are taken to represent the t control varieties • Then it 
follows that (i) when t a, each block will contain either 
zero or one control variety, 
when t - a, each block will contain exactly 
one control variety, 
when a' t 2s, each block will contain 
either one or two control varieties, etc. 
Generally, the number of control varieties will be 1..e than a, 
hence any choic* of t symbols from me, ma + I, . 
for a particular m (m - 0 9 1, •.., k-i), could be used for the 
control varieties. We try to choose the set of t symbols 
which gives the highest harmonic moan of the efficiencies for 
the comparison of the mean of the control varieties with, in 
tun, all other varieties. This problem can he simplified for 
some types of c-d.signs (see section 5.6). 
- 49 - 
CHAPTER 4. 
CONSTRUCTION OF o.(O,I )-DE$IGS 
4,1 Introduction and Suma'iry 
It has been shown by John (1966) that a meaningful 
procedure for improving the h.ia.o.e.f. of an equireplicat.d, 
•quiblook-sis.d design is to minhnise the range of the off-
diagonal elements of the concurrence matrix. This procedure 
is also intuitively appealing, as it represents an approach 
towards balance, in which came all the off-diagonal elements 
of the concurrence matrix are equal. 
In this chapter, rrdesigns for which the concurrence 
matrix has only ones and zeros off-diagonal, are considered. 
Such designs are oal].ed v(O,1)-designe, and in section 4.2 
it is shown that for y(0,1)-designs, k < s. The conditions 
under which square lattice and rectangular lattice designs 
can be written as &(0.1)-designs, are discussed, and for 
some parameter values, alternatives to the rectangular lattice 
designs are given. 
In section 4.3, the construction and use of tables of 
o'(O,i )-designa given in Table A s is discussed* The use of 
CTh designs in constructing two-replicate &(O,1)-designs is 
noted in section 4.3.1. 
The dual design of an ry(O,1 )-deeign for r = 2, is a 
resolvable paired comparison design. In section 4.4, a 
comparison is mad, between the hm.o.e,f, of paired 
comparison designs constructed in this thesis, and 
corresponding designs given by other authors. 
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4.2 Restrictions on a' 
Definition 4,2,1, An c-design for which the IN' matrix has 
only zeros and ones off-diagonal is called an c'(O,i )-design./ 
Theorem 4,2,1. An array o' produces an (O,1)..deaign iff 
	
ftp almsa1,, , 	(4.20) 
(1 j P ; m 	; 1,1' - 0 9 1 9 ...,k-1 ; m,a' - 
Proof. Suppose for some ll', m,m', 
alos al, 	alms L ai,, -g,sayi(4,2.2) 
Lot f_ L a,, and f_Laims•  Then (4.,2.2)implies 
that in the a' -design, symbols 0 and g appear together in 
blocks me + f and m's + V, whioh is a contradiction, 
The reverse argument completes the proof./ 
Using Definition 3.2.2, we have the following corollary. 
Corollary 4.2.2. A dual array r'v' o produces an cr(0,1 )-
design itt 
at 




m' 	3. j is ; m,in' 	O,1,.0.,r-1 ; 1,1' 
For .xe.mpl., the design in Table 2.3.1 (iii) is an 
design for r2,k.3,s3 with 
0 0 0 
0 	1 	2 
By writing a" in reduced form and using (1..2.3), we can 
deduce the following theorem. 
Theorem 4.2.3. For an o(O,i )-design 
, 
k <  
51— 
In fact (2.4.) is necessary for the existence of any resolvable 
design with v a ka, block iiie k and having only zeros and 
onas off-diagonal in the concurrence imtrix. 
4.2.1. cv(O,1)-Deeigne for k - a 
It was pointed out in section 2.4 that when k - a, we have 
the parameters of the square lattice designs. We now study the 
relation between these designs and o' (0,1)-designs, 
so 
We first define an orthogonal array (aaghavarao, 1971, 
page 10). 
Definition 4.2.2.. An r x q array Q with entries from a 
set of a (>2) elements is called an orthogonal array of size 
q, r constraints, s levels, strength t and index A if 
any t x q sub-array of Q contains all possible t x I 
column vectors with the same frequency X • Such an array is 
donated by (q, r, a, t)./ 
Theorem 4.2.4.. If k • a, and ,' satisfies (4,2.3), then 
the array ev' obtained from r" using Construction 
3,20(i), is the orthogonal array (p2,  r, a, 2)0 
the (0,I)-design obtained from a' is the r 
replicate square lattice design for v - 
Proof, (i) This is a special case (x • 1) of Theorem 3 given 
by Boss and Bush (1952). 
(ii) It follows from (i) that for the o'(O,i )-design, 
N'N has BF(2) structure with 	a, fl - 0,01 Ow a*
9 10 - A 
	 - 1.ii 
Thus from (1.5.1), B has the form required by Definition 
2.40 for a square lattice design./ 
(6 IN) 
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Exafnple4.2.1. For 	rs3, kaes5, let a" begivenby 
00000 
a" • 0 1 2 	3 4 	, (4.2.5) 
04.321 
which satisfies (4.23).  Hence 
01234. 01234 01234. 01234. 01234. 
01234. 1234.0 234.01 34.012 4.0123, 
01234 40123 34.012 234.01 1 234.0 
is the orthogonal array (25, 3, 5, 2), and the a(0 9 1)-design 
obtained from (4.2.5) Is the triple square lattice for v - 25./ 
We now consider for k - a, the existence of an array a" 
satisfying (4.2.3) for r a 2, 3 or 4. 
Theorem 4.2.5. For r - 2, k -. an array y'  satisfying 
(4.2.3) exists for all a> 2, e.g. 
	
0 	0 	... 0 
• 	 (4.2.6) 
0 	1 	..,a-1 	./ 
Theorem 4.2.6. For r - 3, k - a an array a' satisfying 
(4.. 2.3) exists iff a is odd, and than an example would be 
0 	0 	0 	... 	0 
a" - 	0 	1 	2 	. . . 	s-I 	 ()+,2.7) 
0 	s-I 	s-2 	•.. 	I 
Proof . For r - 3, k - a conditions ()+.2.3) on an array ' 
in reduced form become, 
as 	- 1 	a', 	it 	0, 	(4.2.8) 
19 1'  
where s', a', ,.., '2(s1)  is a permutation of 
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1, 2, •.., a-i. 	Hence from (4.2.8), 
s_I 	 s_I r (a]  :. i) • T 1 + is, 	 (4.2.9) 
1-1 	 1-1 
(a an integer), 
i.e. 
s-I 
1 = 2 - "' 
 
1_I 
(a an integer). 
Thus ' - 	is an integer if f a is odd./ 
Theorem 4.2.6 can he thought of as a special case of Theorem 
3.3 given by }Iedayat and Federer (1969). 
Theorem 4.2.7. For r - 4., k - a an array cy' satisfying 
(.2.3) for a p 0 (mod 3) and odd, in given by 
o 0 0 0 0...0 0 0 
o 1 2 3 4. ...s-3 	5-2 e-1 
cv' 	- (4,2,11) 
- 0 s-I 8.2 s-.3 5-4. .,. 	3 2 1 
o .f.ti. 1 P-21' 2 
... 	 a- i 3-1 2 2 2 
It has not been possible to find arrays o" , satisfying 
(4,2.3), other than those given by Theorems 4.2.5-7; henc• 
only for theae oases can the square lattice designs be 
conitruoted as cv(0 0 1 )-d.signs. 
However, we can obtain some additional constructions by 
using -designs, i.e, there is an analagous theory to the 
results of this section for arrays q• For example, we may 
define q(0,I)-designs and then it is possible to show that for 
k - s, the following examples of dual arrays ft ' produce  
(0,1 )-designs which are square lattice designs: 
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(I) Forr3,k.e and s.O(aod4.), let Ft' begivenby 
o 0 0 ... 	0 0 ... 	0 
'.0 1 2 
a ... 54 
o +1 •,, s-I II ... 	2 2 




o 0 0 0 
o 1 2 3 
- 
- 0 2 3 1 
o 3 1 2. 
(4.2.13) 
4.2.2. ai(O,1)..Dssigna for k 
When k - a - i, we have the parameters of the rectangular 
lattice designs. We now Study the relation between these 
designs and o(0,1 )-deeigna. 
4.2.2.1. 0(0,1)-D.aigns which are Rectangular Lattices 
Let cv' 1 be an r x a array in reduced form satisfying 
(4,2.3) 9 and writ. 
. 0 	' , 	 (4.2.14) 
i.e. cy'  is an r x (s-I) array obtained by deleting the first 
column of cr' 1 . 
We than have the following result. 
Theorem 4.2.8. The o.(Q,i)-design obtained from the array o" 
given by (4,2.14) is the r replicate rectangular lattice 
design for v a (s-I).. 
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.2Lt It follows from Theorem .2.4.(11) that for the (o,i)-
design, B has the form required by Definition 2.4.2 for $ 
rectangular lattice design./ 
Hence from Theorems 4.2-5 -7, rectangular lattice designs 
may be constructed as (O,1 )-designs for 
r.2, k - s-I. 
r-3 0 k.s-1, s odd. 	 (4.2.15) 
r.,k.s-I,s0 (mod 3)sX1dOdd. 
For example, by deleting the first oolsin of ()+,2.5), the 
resulting &(0 9,1)-design is the triple rectangular lattice 
design for v - 20. 
Similarly, it can be shown that by deleting the first 
oolumn of (4.2.12) and (4.2.13)9 the resulting !(0,i)-design 
is a rectangular lattice design. 
42.2.2. cy(0,1)-Designs whish are not Rectangular Lattices 
Rectangular lattice designs are desirable because their 
BF(2) structure in the dual matrix B, leads to a high value 
for 	• On the other hand (0,1)-desi9Da and 1R(0,1)-designs 
are desirable because they are easy to construct* 
In section 4.2.2.1 , we obtained the parameters for which 
rectangular lattice designs could be constructed as v(0,i )-
designs or (o,1 )..designs. Per the following parameters, 
(O,1 )-designa can be constructed which are not rectangular 
lattice designs. 
Theorem 4.2.9. For r - 3, k - s-I an array & I satisfying 
(4.2.3) for $ even, is given by 
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o 	0 	0 	0 	000. 0 	0 
c'U 0 	1 	2 	3 	4... 1-3 1-2 	(4.2.16) 
o 	A 	1 	 2...s-2 	..1 	./ 2 2 
The a(nlnan canonical efficiency factor for the a(0.1)-design 
,s constructed from (4,2.16) is 	-2 	 2a-3 
compared withh 3(81 ) 
for the rectangular lattice design with the Rams parameters. 
In expression (3.4,5) for !, 
•3(s_i)f!+ a  
,. 	2a-I 	a3 + 	3 = 	
, say, 
for the a(0,1)-design whereas for the rectangular lattice 
design, 
a 3(s-1)f 2(s-1) s-I 
2e-3 	
a 2, say . 
The difference, 
! 	T a 	
9(.I) 
2 1 2(s-2)(2a-1)(2s-3) 	' 
will  be small compared with the denominator of (3.4.5). Thus, 
E for the ,(C,i )-design will be very close to that for the 
rectangular lattice design. 
For r- 44 k • s-I the following examples of arrays 
cv' satisfy (42.3) and produce c(O,I)..designs which are 
not rectangular lattice designs 





0 0 0 0 
1 2 3 4, 
3 I 4, 2 
2 5 1 3 
(4.2.17) 
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(ii) For s-8, 
o 	0 0 0 0 0 0 
0 	1 2 3 i 5 6 
& S 
0 	4 1 5 2 6 3 
0 	2 4 6 1 3 5. 
(iii) 	Per 	saW, 
000000000 
0 1 2345678 
0, I 	- 
075164382 
06 321 7 954. 
(4.2.18) 
(4.2.19) 
Construction of the analagous rectangular lattice designs 
depends an the existence of a pair of a x e mutually orthogonal 
latin squares. Thus example (i) above for • a 6 is of speciel 
interest since the rectangular lattioe design with the lame 
parameters cannot be constructed, 
4.3 Construction of Tables of o'(O,l)-Deeigni 
In uctions 4.2.1 - 2, we have shown that analytical 
results are available to help in the construction of i(O,i)
designs for k-s,s-1, However, for r<k<a-1, there 
are many inequivalent arrays 	satisfying (4.2.3), from 
which we must choose the one which produces the a(0 1,1)-design 
with the highest I for a particular set of parameters. 
A computer program has been written for systematic 
construction and testing of arrays a'. Given a particular 
array, the following operations are carried out: 
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Check that (4.2.3) is satisfied. 
Glou1*ts 1 using the method described in seotion 3.4.. 
The parameter, are restricted to the ranges, 




a 5 < 15. 
By Theorem 3.5.1, it is only necessary to consider arrays ci' 
In reduced form, however for sertain values of r, a and k 
there are too many different arrays ' for an exhaustive 
search to be carried out. 
In Table As a list of recommended o'(O,l )-designs is given 
for parameters in the above ranges. For each oination of r, 
a and k, Table A ooutalns an array o' In reduced form. 
Hence it is only necessary to tabulate the last r I rows of 
a". For eple, for r.3, salO, ku6 we obtain from 
Table A.2, 
0 0 0 0 0 0 
a" 	0 	1 	2 	3 	5 	6 	 (3.2) 
0 	7 	9 	5 	6 	4 . 
The cr(00 1 )-d.sign may then be obtained from a'. 
Since we have tabulated c" in Table A, we also list 
the ha.o.e.f* for the a'.-design, itself a useful resolvable 
design for situations where v < b • For example, for the array 
30 
(443.2), the &-design is a resolvable design for 18 varieties, 
do 
6 replicates and block sis. 3 with 	a .6605. 
The properties of the o(0,1)-designs are tabulated in 
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detail In Table B • At the moment we are Interested only In 
the oases where v a km • Per example, for the array (4.3.2), 
the c(u,1)-design is a resolvable design for r a 3, v a ka - 600  
A. 
$ a 10, k a 6 • Thus from Table B.2 we find that, 
the smallest canonical efficiency factor,*min a .5212 0  
the h.m.o.e.t., I - .7983, 
the harmonic mean of the pairwise efficiencies for 
varieties that do not appear together within blocks, 
(o) . .7829 and the range of these pairwise efficiencies 
ia2, 
the haz'monio mean of the pairwise efficiencies for 
varieties that appear together onoe within blocks, 
(i) a .8475 and the range of these pairwise efficiencies 
in 1%. 
The final coluami of the tables will be explained In Chapter 
6. 
In Table A we use the (0,1)-deaigns described in 
sections 4,3 9 1 -2 In the few cases when we have above them 
to be more appropriate • The arraja, 0', are identified in 
the tables by moans of an asterisk, for example, for r a 3, 
.a8, k-7 ws obtain from Table A.2, 
o o 0 0 0 0 0 
	
P'aO 	7 	5 	4 	3 	2 	6 	(4..3°3) 
0 	1 	3 	7 	6 	5 	2. 
4.3.1 • A Relation with CIB Designs 
For r 2, let o' • be written in the reduced form 
0 	0 	... 	0 
all 0 
o 	all,.. ' 	' l(k..l) 
Suppose we interpret the second row of (4.3.4) as the initial 
block of a cm design for a varieties, a blooka, block ii,e 
k and let I 	 be the h.a.oe.f* for this design. We thenCIB 
have the following theorem, 





and hence from (3.4.5), 1 can be expressed as a function of 
cm . 
Proof, From (B.2.5), we see that v' 2 is in fact the first 
row of the concurrence matrix for the CIB design, which has 
C structure, hence it follows from (3.2.8) and (A,2,2) that 





2u ' * 	 (4,3.6) 
(u - 1 0 29 000 9 3-1) 
Then, from (3.2.12), 
- I 	' 	 (4,3.7) 
U. 	U 
(u a 1,2,...,s-1) 
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It follows from Theorem 4.3.1 that the CIB design with the 
highest I 	 my be substituted into (4.3.4) to produce theCIB 
c(O,f )-deeign with the highest 	• Thus the tables of CID 
designs produced by John, Wolock and David (1972) have proved 
useful in constructing some of the designs in Table A.1. 
Example 4.30. For 8 varieties, 8 blocks and block sise 4.0  
John, Wolock and David (1972) list the initial block (0,1,2,4) 
with MCIB
-.8J96. SinTableA.1 for sa8, k-4. we 
give the array,, 
o 	o 	0 	0 
al l . 
0 	1 	2 	4. 
For the resulting r(0 10 1 )-design, 
dw 
_8Z9 32. 95 . 
Hance from (3.404.) 9  
31 * 
17 + 32.95 
• .6206 9 
which egress with the value given in Table B.1 for v a 32, 
s.8 and k*Jf ./ 
4.4. PajMd Ccinp$son Designs 
Cyclic paired comparison designs were studied by David 
(1963), and extensive tables have been produced by John, Wolcok 
and David (1972) • Resolvable paired comparison designs are 
particularly useful for rod robin tournaments, and tables of 
resolvable cyclic paired comparison designs have been given by 
David (1967). For r - 2 , the e' -designs obtained from the 
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arrays ' in Table A.1 are resolvable paired comparison designs 
for 2s varieties, k replicates and with h.m.o .e.f., 
In Table 4.4.1, we compare the h.m.o.e.f. for, 
-designs from Table A.1, 
resolvable cyclic paired comparison designs given by 
David (1967), 
cyclic paired comparison designs given by John, Wolook 
and David (1972)0 
We ase that the 1 -designs generally give higher values 
for the h.a.o.e.f. than the resolvable cyclic designs given by 
David (1967), In fact, the a,'-designs compare favourably 
with the oyc].to designs given by John, Wolook and David (1972), 
which in general do not have the restriction of resolvability. 
Table 4,4.1 has been restricted to 5 < 79 However, 
many other direct comparisons for s > 7, can be nude between 
Table A,1 and the tables of cyclic paired comparison designs 
given by John, Wolook and David (1972). 
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Table 4.4.1 
Comparison of the h.o!,oe,f* for paired comparison designs 
No. of No. of David John it a].. 
varieties replicates (y'—design design design 
6 3 .5556 .556 .5556 
8 3 .4828 .487 .4876 
8 4 .5385 .507 .5385 
10 3 .4361 .436 .4.361 
10 4 •4962 .4.72 05000 
10 5 .5294 .529 .5294 
12 3 .4.151 .395 .394.5 
12 4. .4.705 .479 .4793 
12 5 .5038 .1.91 .5018 
12 6 .5238 .491 05238 
114 3 .4081 .360 .3599 
14 4 .4573 .446 .4.588 
14. 5 .4853 .485 .4874 
14. 6 .5061 .506 .5061 
14. 7 .5200 .20 .5200 
- 
CON8113CTION 07 o(0,1,2)..DZ31c2(S 
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It was shown in Chapter J that for (o,1 )-designs, k < a. 
Thus, to construct cy-designs for k> a, we must relax the 
00 
conditions on the range of the off-diagonal elements of the 
concurrence matrix. In Chapter 5, y-dasigna fbr which the 
concurrence matrix has only a.roa, ones and twon off-diagonal, 
are considered. Such designs are called 0,(09 1 9 2)'mdesigna. 
Whereas re (0,1 )-designs always have P structure, in extra 
restriction is needed for o.(0,1,2)-deaigna to have? structure. 
The conditions that cr must satisfy to produce 
 
0,(0 9 1 9 2)"deaigna, 
(o,1 9 2)u.de.ignswith P structure, 
are considered in section 5.2. 
In section 5.3, m4n4inal cy (0,1,2)-des1gna are definedj 
these designs are preferable to others in terms of maximising 
L 
Section 5.4 deals with the construction of tables of 
ar (0,1,2)-designs with P structure and section 5.5 with m4n41fta1 
so 
y (O,1,2) -des igna. 
Finally, in section 5.6, we consider the incorporation of 
control varieties into cy(0,1,2)-dss1gna. 
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5.2 Restrictions on 
5.2.1. v(O, 1, 2)-Designs 
Definition 5 • 2 • I • An o'-design for which the NN' matrix has 
only seros, ones and twos off-diagcnal or only zeros and twos, 
is called an c(0,1,2)..de.jgn./ 
Hence from Theorem 3.20, we have the following result. 
Theorem 5 • 2.1 • An array ey produces an o. (0,1,2) -design iff 
dw 
the vectors u 11 , defined in section 3.2 consist of the elements 
09 1 and 2 (1 1 1 ; 1,1' - 
The vectors can never contain elements greater than r; 
henoe it follows that for r - 2, any array r. will produce  
either an y(0 8 1)-design or an 'v(0 0 1 9 2)u.clesign. For r> 2, 
we have the following result. 
Theorem 592.2. For an (09 1,2).-desigri with r> 2, 
k< s • 	 (5.2.1) 
Proof. We prove this theorem by showing that no rv(0,1,2)-
design exists when k> s. Let ey be in reduced form and 
suppose that in the second column of o , the element h 
appears more than a times. Hence, in the third oolunzi of 
, there must be at least one element, say Ii', which appears 
in the sass row as h at least twice, i.e. there are at least 
two rows in,, say rows 1 and 1', with first three 
elements 0, he  h' • But this means that the first element of 
must be at least 3, i.e. some pairs of varieties oonour 
more than twice./ 
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If 	produaes an cy(0,1,2)-design, we define a count 
vector for c' in the following way. 
D.fjnition 5.2.2. 	Let y 	be the vector whose 	1 element 
is the total number of twos which appear as elennta of the 
k-I 	vectors u, 	for 	1' j 1 	(i  
ple %20, 	For 	r.3, 	k4., 	i3 	lot cv' be 
given by 
o 	o 	0 	0 
& 	a 0 	2 	1 	0 (5.2.2) 
o 1 	2 	1 







Hence the cr-design obtained from (5.2.2) is an 
design and 
V 	- 	(1,1,1,3)' 	.1 (5.2.3) 
Define 
0 	- y (5.2.) 
Since 	IN' 	is given by (3.2.4), and is symmetric, we have the 
following result. 
Theorem 5.23. 	(i) 	The total number of twos which appear as 
off-diagonal elements in the concurrence matrix of an o'(O, 1,2)- 
design is 	as, 
(ii) o 	is an even number .1 
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where 	Jimt )h j a the ht)  element of the vector I
. , 
(m ji a;  m,m' a O,1, ... ,r-1) defined in section 3,2. 
Proof, From (3.2.6) 9 	 1s the number of times the 
difference a. ' a, is equal to he Hence it f011ows from 
Corollary 492.2 that when (1J, )h is equal to zero or one, 
there is & corresponding element in one of the vectors alles 
t&1dig the same value (1 .4 1' ; 1,]' 	o,i,...,Ic.i), 	Thu.. 
suppose (fl, )h > 2. Since the elements of u 11, cannot 
be greater than two, each element (lli )h must produce 
(fl 	)h 
( .4*17 ) 
	twos among the elements of Lii, (1,' 
1,1' 091,...,k-1). Hence the result (5.2.5) is obtained,/ 
5.2.2, r'(0,1,2)-Designa with P Structure 
Since NN'l * rkl, it fofloive that for an v(0,1)..design, 
each row of NN' has r(k-1) ones off-diagonal and hence all 
c'(O,l)-designa must have P structure (Definition A000). 
However, some o'(O,1 0 2)-deaigna,for example, the cv(O,1,2) 
design obtained from (5.2.2), do not have P structure, We 
rw give a condition for an array a' to produce an a'(0,,1.2)- 
design with P structure. 
Theorem 5.295. An cy(O 9 1,2)..design has P structure iff 
v. z 	, (5.2.6) 
where z is the number of twos per row in NN' 
Proof , Suppose Q? produces an a, (O,1,2)-design with P 
structure, i.e. each row of NN' has the same number of zeros, 
ones and twos. Hence from Definition 5.2.2, all the elements 
of V not be equal to z,, The reverse argument completes 
the proof./ 
- 68 - 
Example 5,2 92, For rs3,k4.1, a3 let a" begivenby 
o 	0 	0 	0 
0 	0 	1 	1 	 (5.2.7) 
o 1 	0 	2 
Then1_1 0i 	02 L2  I 
.03 	12 • 
(1,1,1 	• 	= 
Bence the ".4eeign obtained from (5.2.7) is an 
design, and 
Y - (2,2,2,2)' , 	 (5.2.8) 
i... the v(0,1,2)-design has k- structure with 2 twos in each 
row of the concurrence matrix./ 
For an y (O,1,2).deeigxi with P structure, (5.2.)+) becomes 
a - k z. 	 (592.9) 
Hence by Theorem 5.2.3(u), we have the following result, 
Theorem 	For an (0,1,2)-design with P structure, k 
and z cannot both be odd numbers .1 
5.3 Minimal 0 (o,1,2)-Designs 
By virtue of Theorem 1,5-it it in convenient when v> b, 
to calculate the canonical efficiency factors, and hence I t  
from B. Thus from (1.5.1 ), for squire piloated, equiblook-
sised designs, the matrix ION is of interest for the 
oaloulation of E, 
In section 4.1, we dieounsed the desirability of 
minimizing the range of oft-diagonal elements of N}' • By 
considering the &I-design, we may argue that to improve , 
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it is also meaningful to m4n4m4 so the range of the off-diagonal 
elements of NON* 
For y (0,i )-deaigna, it follows from (4.2.3) that not only 
NN' but also NON has only seros and ones off-diagonal. By 
oontr&st, no ans]agoua result exists for (o,i ,2)-doei&na. 
Memos it is necessary to consider the form of N'N for 
0,(0 0 1 ,2)-deaigna. 
From (3.2.7), minimizing the range of the off-diagonal 
elements of NON can be dons by minimizing the ran te of the 
elements in the vectors fl, (mj m' 114m, - 0,1,...,r-l) 0  
Since I 'fl, - k, it follows that if the elements of each 
vector Tmm$  are 
X . [ J, with multiplicity (x+1 )a-k 
and x + 1, with multiplicity k- xa, 
(5.3.1) 
then the range of the off-diagonal elements of NON is 
minimized. 
Definition 5.3.1. Suppose 	produces an (09 1 9 2)..desigti. 
It the vectors 1 , (m ml 	m,in' - 0,i,..,r-1), all have 
elements of the form (5.3.1), then o' is said to produce a 
minimal &(0 0 1 9 2)-design./ 
701 ixemple, for the array given by (5.2.2), fl 01 = (2,1,1)', 
!!02 - 12 - (1,2,1)'. Honos the y-design obtained from 
(5.2.2) is a minimal cy(o,1,2) -des ign. however for the array 
given by (5.2.7) 9 1 i  = (2,2,0)' • 	- (2,1,1)' , 
112 (1,20 1)' . Hence the r'-design obtained from (5.2.7) 
is not a miri4m]. &(0,1g2)-design. 
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By substituting the values (5.30) into (5.2.5), we can 
show the following result. 
If ef produces & minimal (Y(0,1,2)deaig4 
then 
a - () x[2k 	(5.3.2) 
In fact (5.2.5) is mn4ml-s.d when o' produces a minima]. cy(0,1,2)- 
design. Thus from Theorem 5.20(1), we have the following result. 
Theorui 5.3.2. Over the alas. of 01(0.1 g,2)-designs for a 
particular set of paraters, a m4n4mal c(O,1 , 2)-design has 
the smallest number of twoa in the concurrence matrix./ 
Thus, minimal cv(0, 1, 2)-designs are intuitively desirable since, 
because NN'l - r kI, they minimise the number of zero 
concurrences of pairs of varieties within blocks. 
5.4 Construction of o'(O,l ,2)-D.signa with P Struotm'e 
It is desirable that an o'-design has P structure when the 
assigasent of varieties to the symbols of the design is arbitrary, 
since the permutability property of the rows and cola of the 
concurrence matrix reflects this arbitrariness • From Theorem 
5.3.1 and (5.2.9)9 it follows that for an c'(O,1,2)-design with 
P structure, 
() x[2k - (xii).] 
$ > 
k 	
- y, say. 	(5.14.1) 
Hence the number of twos per row in the concurrence matrix of 
an o'(02,1 9 2)-design with P structure must be an integer greater 
than or equal to y. Purther, by Theorem 5.2.6 0, if k is odd 
then i must be an even integer greater than or equal to y. 
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Since 1 decreases as $ (end hence o) Increase., these 
lower bo,.iida an s are useful, as we would prefer to oonatruot 
o(09 1,2)-ae.igns with P structure for s as small as possible. 
EY n ple5.4.l. For r-4, 5-3, k - i. from (5.40),y.3. 
Consider the following two arrays a' which both produce 
o(o,1,2)..d.esigns with P structure: 
(i) 
o 	0 	0 	0 





o 	1 	2 	1 
o 	0 	0 	0 
o 	0 	2 	2 
(5.4.3) 
o 	2 	0 	1 
o 	1 	2 	1 
For 	s-3 and 	-.789l, whereas for (ii) iaI. and 
- .78K./ 
5,41. Construction of Minimal o'(O,l,2)-Designs with P Structure 
A necessary condition for the existence of $ mIrimal 
o'(O,1,2)u..4es4,gn with P structure is that y be an integer. 
We only consider the special case when k - xi, i.e e from 
y - (r) (xl). 	 (5.4.4) 
If v produces a minimal o'(0,1 0 2)-de.ign for k a xi, 
then from (5.3.1), 
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(5,4..5) 
0 9 1,...,r-i). 
Thus we can make use of the results of sections 4.2,1 - 2. 
Suppose cv' is an r x • array satisfying (4,2.)0 we 
y use this array as a building blook to produce an r x xi 
array, n'  in the following way. 
Ccsistruotici 5.4.1. (i) Obtain o!h  I from !ç' by adding 
h to the .3.ents of each of the last r-2 rows of 
and reducing module a, (h - 1,2,...,x-1). 
(ii) Form the r x xi array 
	
a, '- ( ' 	21 	 '/ 	(5.4.6) - 
Then we may show the following result. 
Theorem 5.4.1 • The -design obtained from (5.4.6) is a 
a4vt4&l ! (0, 1  ,2)..dsaign with P structure and $ Y ./ 
The constructions given by Th. 	4.2.5.7 may he used 
to produce (5.4.6) for 2<za..1. 
Rx—m-p-2—a 	For z.3, s-5, x-3 from (4.2.7), 
o 0 0 0 0 
zo 	0 	1 	2 	3 	4. 
0 	4 	3 	2 	1 , 
and hence using Construction 5.4.1, 
00000 	00 




4. 	3 2 2 1 0 4 30 
(5.4.8) 
- 73 - 
The *--design obtained from (5.4.8) is a animal y(0,1 9 2)... 
design with Pstructure for v.75, r3 and k15./ 
Similarly, we say use (4.2.12) and (4.2.13) as building 
blocks to give an r x xs array I', producing a nrLn1l 
(0,1,2)a.deaign with P structure. 
From Theorem 4.2.9, we have the following result. 
Theorem 594.2. For r - 3, k - 2s and a even, let a" 
be given by 
000... 0 	0 	00 	0 ... 0 	0 
	
a" - 0 1 2 ... (s-2) (s-i) 0 1 	2 	•.. (s-2) (s..i) (594.9) 
0 	1 ... (4A) (s-i) ! 0 (fi) .,.  
The or-design obtained from this array is a minimal O!(0,1,2) 
design with P structure and a - y ./ 
Examples of arrays a" producing minimal y(0 9 1,2)-
designs with P structiwe for k - xs are included in Table 
5.4.1. Arrays R' have been used in the oases when no array 
a' could be constructed, e.g, for r - 4, a - 4 1, k - 12. 
5.4.2. Construction of o'(0,1,2)Dssigns with P Structure 
when k,xs 
5.4.20. The case r = 2 
Theorem 5.4.1. For r - 2, if a' produces an a(0,1,2)-design 
with P structure then, 
jE is, aninteger (ag say), 




If for & In reduced form, y satisfies (5.2.6), 
then each distinct tow of cr must have multiplicity 5 
Lee. 	is an integer. 
Lot cv be constructed from the g distinct 
row, of a , 1, i.e. 	satisfies (4.2.1), and from (i), (5.4.10) 
follows after possible permutation of the columns of o"./ 
Hence Tab].. A.1 can be used to provide arrays c' for values 
of g such that k - gi, since if '0' produces the a'(O,i)-
design with the highest h.m.o.s.f., then for a particular value 
of g,  the o!(O,i ,2)adesign with P structure obtained from 
(5,4,10) will have the highest L 
For r - 2, array. o' obtained using Theorem 5.4.3 are 
included in Table 5.4.1, together with I for the resulting 
cr (0,1 ,2)-design with P structure, When there is a choice of 
available from Table Al, the o'' with the largest 'value 
of g (i.. smallest value of s) is used for the construction 
of o" in Table 5,4,1, 
5.4,2.2. The osess r - 3. 1 
When k 4 xi aM r> 2, it is more difficult to obtain 
c'(O,i ,2)-designs with P structure. one method is to permute the 
symbols of a resolvable CTh design. David (1967)  has shown 
that if an initial block generates a resolvable CTh design for 
v- kB varieties end r - k replicates, it must beof the fonn 
(d0k, d1 k*1, ..., d.k + (ki-1)), 	 (5.4,11) 
(0< d < s;  
Lit c' be given by 
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do 	dk_14l 	... 
..0 
d2 	d1 	... 	d3 41 
• 	 0 	 S 
• . . 
• 	. 
The or-design obtained from this array is equivalent to the 
resolvable CIB design generated by (5.4.11), and hence must 
have P structure. Further, if the CIB design has only seros, 
aces and twos off-diagonal in the concurrence intrix, then an 
(0 9 1 , 2)-design with P structure is obtained.. 
dW 
Raple 	For v a 12, r a k • 4, David (1967) hits 
the initial block (00,3,6). Hence in (5.)+.11), d0 a d, a d3 =0 1,  
12 a I and thus ae is given by 
01 21 	 0000 
001 2 	 0221 
Cr a 	 C 
1001 	 0102 
o 1 0 0 	 0 0 1 2 •/ 
No other general constructions have been obtained for o' (O, 1,2)-
designs with P structure when k xi. 
A computer program has been written for systematic 
construction and testing of arrays or' • Given $ particular 
array, the following operations are carried. out: 
(i) Use Theorem 5.20 to check that or' produces an 
o(0, 1,2)-design. 
(U) Use Theorem 5.24 to determine whether the design has 
P struoturs. 
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(iii) Calculate E using the method deeoribed. in 5ecticn 3.4. 
Arrays a" producing a-designs with the lowest value of a, 
and highest 	are included in Table 5.4.1. When k / xi, 
the tabulated arrays in general do net produce minimal a' (0,1,2)-
designs, and hence when $ > y, we pay a price in terms of a 
smeller value of I when we require the design to have P structure. 
Moi'e impor'tant]y, for many parameter oo*binationa, it was not 
possible to obtain any solutions, and hence Table 5.40 does not 
provide the range of designs that would be desirable from a 
practical point of view. 
The study of systematic methods for the construction of 
y(0,1,2)-designs with P structure is a topic for further rssesroh. 
However, in this thesis, we now relax the condition of P 




y(o,1,2).-Designa with P Structure s, 2<r<4., 2<s<9, 3<k<20 
r ski 
	 Array z' 
-2 2 4- 2 .7778 0101 
2 3 4 2 .6226 0101 
-2 3 6 2 .8095 012012 
2 3 8 4. .7753 01010101 
-2 3 9 3 .8667 012012012 
2 4 6 2 .7541 012012 
-2 4 8 2 .8378 01230123 
2 4 9 3 .8235 012012012 
-2 412 3 .8868 012301230 1 23 
2 415 5 .8872 012012012012012 
-2 4 16 4 .9130 01230 1 230 1 230 12 3 
2 5 6 2 .7136 012012 
2 5 8 2 .8114. 01230123 
2 5 9 3 .7908 012012012 
-2 5 10 2 .8596 01234.01234. 
2 5 12 3 .8668 012301230123 
-2 5 15 3 .9024. 01234.01234.01234. 
2 5 16 4. .8970 0123012301230123 
2 5 18 6 .8844 012012012012012012 
-2 5 20 4. .9252 01234-01234.01234.01234. 
2 6 8 2 .7915 01230 12 3 
2 6 9 3 .7737 013013013 
2 6 10 2 .8449 01231+01234 
-2 6 12 2 .8765 01234.501234-5 
2 6 15 3 .8915 0123401234.01234. 
2 6 16 4. .8847 0123012301230 1 23 
2 7 8 2 .7809 0121,.0124. 
2 7 9 3 .7668 013013013 
2 7 10 2 .8334. 01234.01234. 
2 7 12 2 .8674 012345012345 
-2 714. 2 .8899 012345601234.56 
2 8 9 3 .7513 013013013 
2 8 10 2 .8257 0123501235 
2 8 12 2 •8602 01234.501234.5 
2 910 2 .8187 0123601236 
-3 2 3 2 .74.35 010 
001 
-3 2 4 3 .8235 0101 
0110 
3 3 4. 2 .7566 0011 
0102 
-3 3 6 3 .8500 012012 
021102 
-3 3 9 6 .8966 012012012 
021102210 
3 4  5 2 .7840 00112 
01230 
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Table 5.4.1 (continued) 
r I k a I Array' 
3 4. 6 3 .8163 001122 
010203 
-3 4. 8 3 .8732 01230123 
021 32031 
-3 4 9 4 .8841 000112233 
023121301 
3 410 6 .8878 0000111223 
0 1 23023030 
4 12 6 .9126 012301230123 
023 1 13203102 
-3 4 16 9 .9333 0 1 230 1 230 1 230 1 23 
021 3203 11 3203102 
-3 5 6 1 .8221 0 11 234. 
04.3120 
3 5 8 3 .8569 00112233 
0124.24.01 
3 5 9 4 .8693 000111234. 
0 1 4.234.4.00 
-3 5 10 3 .8909 01234.01234. 
04.321104 32 
-3 5 15 6 .9250 01234.01234.01234. 
04.321104.322104.3 
-3 5 20 9 .9429 01234.01234.01234.01234. 
04.321104.322104.332104. 
3 6 7 2 .8300 0011223 
055 1 4.34. 
3 6 8 2 .8540 0011334.5 
03021553 
-3 6 9 2 .8727 00 11 2234.5 
024.5 1 3510 
3 6 10 3 .8817 00 11 22334.4. 
0225351 301 
3 6 11 4 .8891 00011122334. 
0 1 5234. 1 4.020 
-3 6 12 3 .9045 01234. 501234.5 
0314 25304.152 
3 6 14 5 .9139 000 111 2223334.5 
04.52351 34.01 200 
3 6 15 6 .9178 000 111 2223334.4.4. 
014.234.234.013012 
3 7 8 2 .84.54. 00 11 234.6 
05 1 35232 
3 7 9 2 .8654. 001 1 2234. 5 
035634.110 
3 710 2 .8805 00 11 22334.5 
062534.1 61 0 
3 7 11  4 .8823 000 111 22334. 
01624.515020 
- 79 - 
Table 5,41 (oontinusd) 
r $ k Array& 
—3 7 144 3 .9151 01234.56012344.56 
0654.3211065 14.32 
3 8 9 2 .8593 00112234.5 
0634437110 
—4 2 3 4 .7692 010 
001 
01 1 
—4 2 4 6 .8400 0101 
0011 
01 1 0 
4 3 4 3 .7891 0012 
0210 
0121 
—4 3 6 6 .8644 012012 
021210 
001122 
—4. 3 9 12 .9070 012012012 
021102210 
000111222 
4 5 4 4. .8051 00013 
02320 
03112 
4 6 5 4. .8400 000113 
023120 
032212 
4 4 7 6 .8637 0001133 
023010 1 
03 1  3221 
—4 4. 8 6 .8857 0 1 230 1 23 
01302312 
00112233 
4 4. 9 10 e8908 000011223 
012302010 
032131211 
4 4.10 10 .9046 0000112233 
0 1 230 1 03 12 
0321103221 
4 4 11 12 .9117 00001112223 
01230230 1 32 
03213102 1 03 
4. 4. 12 12 .9216 012301230123 
023113203 1 02 
03 1 2 1 20330 21  
—4 416 18 .9403 0123012301230 1 23 
01231230230 1 30 1 2 
0000111122223333 
. 5 6 a. .8275 000123 
031314. 
023112 
- a, - 
Table 5.-.1 'continued) 
r a k z 2 .Array v' 
4 5 7 6 .8459 0001122 
0120101 
04.332 1 0 
5 8 7 .8669 00011122 
0230 1 4 1 2 
0324.30 21 
4 5 9 8 11 8818 000111222 
023014.0 1 3 
032430320 
-4. 5 10 6 .9018 01234.01234. 
04.32110432 
0314214203 
4. 5 11 10 .9040 00001112233 
0124014.1201 
04.314.302 1 2 1 
. 5 13 12 .9194. 0000111222333 
0 1 230 1 2 01 2 012 
04.3243232 1 2 1 0 
-4 5 15 12 .9328 01234.01234.0 1 234. 
04.32 1 104.322 1 04.3 
0314.214.20320314. 
4. 5 20 1 8 .9489 01234012340123401234 
04.321 104.322104.332104. 
0314214.2032031431420 
6 7 6 .8303 0001122 
014.2501 
0322132 
-4 6 12 6 .914.2 01234.50 12 34.5 
0314 25304 1 52 
040251313524 
4. 7 8 3 .8653 00 11 234.5 
04.145136 
0356324.4. 
-4 7 14 6 .9238 01234.5601234.56 
0654 32110654 32 
04.152631526304. 
4 8 9 4. .8736 00112234.5 
0774.4. 1 4 11 
01254.7320 
- mesta a m4n4vn.&1 design is produced. 
* meau an array ' is tabu]at*d. 
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5.5 Construction of Tables of M44mi1  o'(0,i,2)Deaitna 
5 05.1, The case r - 2 
Let x-[], f-k-xa aMauppoas ZO O isa 2xt 
array satisfying (42.3). 
Define 
o 	0 	... 	0 
o 1 	... 	B-i 
then from (5.3.1), we have the  following result. 
Theorem 5.5.1. The 2 x k array 0 givenb 
- 	 ••'
o') , 	(5.5.2) 
xtrrni 
produces a ud.n4m1 o(0,1 ,2)-design,/ 
Table A.1 has been used to provide arrays 	' which, when 
substituted into (5.5.2) produos minimal (0,1, 2)u.dea igus 
with the highest 1 . 
For r 2, arrays c' obtained using Theorem 5,5,1 
are given in Table W. and the properties of the resulting 
min4 mAl. o' (0,1, 2)deaigna are given in Table D. I • The 
format or Tables C and D is the same as that of Tables A and 
B respectively (see esotion 4.3), Th. oniy difference is 
that for o'(0,1,2)-designs, there is an extra column for the 
harmonic mean of the pairwiss efficiencies for varieties that 
appear together twice within blooka • When r a 2, the psfrwiae 
comparison of varieties that appear together twice within blooka 
will be i4e with full efficiency, hsnoe in Table D.1, the 
harmonic mean of the pairwiee efficiencies Is one, with range 
zero* 
5.5.2. The oases r a 3.4 
When possible, the arrays cv' constructed in section 5.4 
are substituted into Table C • The.e arrays produce miithial 
cv (0 1,1, 2)-designs with P structure. 
A computer program has been written for systematic 
construction and testing of arrays 0!' • given a particular 
array, the following operations are carried outs 
(i) 
	
	Use Theorem 5.20 to check that cv' produces an 
&(0,1,2)-design. 
 Cheek that qI produces a minima]. 	o'(O, 1, 2).desigz. 
 Calculate using the method described in section 3.4.. 
For parameters in the ranges ka < 100, a < k 	arrays 
0! producing m1n4t]. (O,i ,2)-designe with the highest 
are given in Table C. 
For rm4, s-3, k-7 it can be shown byenumeration 
of all possible arrays cv', that no m4I4T1 cv(0,1 ,2)-deaign 
can be constructed, but for completeness, an array producing 
a non-minimal cr(0 9 1,2)u"desigu is given in Table C.39 
The properties of the minimal cv (0,1,2)-des ina obtained 
from Table C are given in Table D for p * 0. 
5.6 The Incorporation of Control Varieties into c(O,i ,2)- 
Desipx.a 
In section 3.7, is discussed the deairability of choosing 
the t control varieties so that they were spread evenly over 
the b blacks* Further, it is d.sirable that each control 
variety should appear in blocks with as mazy other varieties 
as possible, as this will have the .tf.Ct of increasing the 
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harmonic mean of the efficiencies for the comparison of the 
an of the control varieties with all other varieties. 
From Definition 5.2.2 and (3.2.4), we nave that rows 
as, mM8+1 1, . .., (m+1)8-1 of NNO each contain (y ) z  twos 
(m a 09 1 1 ...,k-1). If y) ' is the smallest element of y 
then since NN'l a rkl, it follows that varieties m's, 
m's+l, ..., (m'+l )s..1 each appear in blocks with more different 
varieties than for any larger (y )in3 hence the control varieties 
*hOU1 be chosen from this set. By interchanging say, rows 0 
and all of o • we may always arrange for ( )O to "be the 
smallest element of V , and hence when t < a, the control 
varieties can be allocated to the symbols 09 i t ..., 
of the design. This has been done for all the arrays in 
Table C. 
1 nple5,61. For r-3, k.5, •-4 let o" be given 
by 
0 0 0 0 0 
0 	0 	1 	3 	2 	(5.6.1) 
0 	2 	3 	0 	1, 
40 
	- 	(2 0 29 1,1,0)' 
In other words, the last 4 rows of NN' do not contain any 
twos, and thus each of the symbols 16, 171, 189 19 appear 
in blocks with the maximum number of r(kiu.1) a  12, other 
symbols • By interchanging the first and last column of 
(5.6.1) 9 we obtain, 
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o 0 0 0 0 
eve 	IF 	2 0 1 3 0 
1 2 3 0 0 
o 0 0 0 0 
0 2 3 1 2 	 (5.6.2) 
o 1 2 3 3 
and now v - (0,2,1,1,2)', hen** the control varieties should 
be allocated to one or more Of the symbols 0 9 1,2,3 for the 
o(O,1,2)-design obtained from (5.6.2)./ 
5.6.1. rv(00 1,2)Deeigna with P Structure 
When the design has P structure then from (5.2.6), we my 
simply allocate ecmtrol varieties to symbols 0 2 1, •.., t-1 
of the design. 
560.1 	o(0,1,2)-Designs with Supplemented P Structure 
The partition of the varieties into control and new 
vsri.ties, allows us to introduoe the ides of supplemented P 
atr'uature. 
Definition 5.6,1. If for an v(0 0 1,2)-design, 
a s(o,i,i,..,,1)' , 	 (5.6.3) 
then the design is said to have supplemented P structures/ 
Henoe, if we have a control varieties, we may allocate them 
to the symbols 0, 1, ..., s-I of an o(00 1,2)-de.ign with 
supplemented P structure, Note that by removing the control 
varieties from the design, we obtain an &(O,192)-design with 
P structure for v a (k-i).. 
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xawpls5.6.2 	For 	r-3, k - i, •a5 let cy bsgivsn 
by 
o 0 0 0 0 0 0 
ci' • 0 	1 	1 	2 	2 	3 	4  
0 	2 	3 	4 	1 	1 	2, 
then 	V - 2(0,1,1,1,1,1,1)' , and hsnos the o'(O,1,2)d..ign 
obtained from (5.6.) has supplenented P structure with $ - 2.1 
Designs with suppl*nented P atruoturs are only likely to be useful 
when exactly a oontrol varieties are required, 
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-CHAPTER 6 
ALMOST EQUIBLOCK-SIZED o'-DKSI (248 
6.1 Introduction and 8mnar, 
In the previous chapters we have considered the construction 
of resolvable block designs for ka varieties with block size 
k • However in many practical oases, the number of varieties 
Okruot be conveniently factorized in the form v - Ia and hence 
to construct suitable block designs, we must either relax the 
condition of resolvability or that of equal block sues. We 
feel that from the practical point of view, resolvability is 
more important than equal block sizes, so long as the block 
iii.s differ by not more than one unit. 
In this chapter, almost equiblook-sized (AE) o.4eaigns 
are defined for ks - p varieties (p • 1,2,...,a....1) with 
block sizes k, k-I. 
The construction of AK, -designs from cr-designs is 
considered in section 6.2 and the compilation of tables In 
section 693. 
Finally, in section 6.4., a wthod is given for the 
effective allocation of control varieties to the symbols of 
AK o-designs. 
6.2 Generation of AN a-Designs 
We first define an AN design. 
Definition 6.2.1 • An unequal block-s iced design whose block 
sizes differ by at most one unit is called an almost equiblook-
sized (AK) design./ 
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In previous chapters we have sonstructed a-designs from a 
k x r array a, and sowlsdgsof the value of a. We now 
Introduce a further pazeaetsr, p (0 <p <a) and construct an 
Al design in the following way. 
Construction 6.2.1 • (i) Obtain the a'de.ign from a using 
Construction 3.2.1 9  
(ii) Dalste the p symbols v - p- I, 
v- p,..., v-I from this v-deaign./ 
We thus obtain a resolvable block design for ka - p varieties, 
with r(s-p) blocks of site k and rp blocks of site k-I. 
It is for convenience that we choose to delete symbols from the 
highest downwards. In section 6.3.2 we will see that this may 
necessitate a rsarrazigsesnt of the rows of ey, 
For some experimental designs it is difficult to delete 
more than one or two symbols and still maintain an AX design. 
However, fOr a-designs Construction 6.2 91 automatically copes 
with this problem. Note that if p - 0, we obtain an a-design 
with block sits k, whereas setting p as is equivalent to 
removing the last row of the array 0' to give an a-design with 
block site le-1. 
Definition 6.2.2.  The resolvable AX design obtained from ' 
using Construction 6 9 2.1 is called an AX r_design./ 
AN a-designs provide resolvable designs for situations 
When v toss not conveniently factorize In the toxin v a ks. 
Thus the construction of AX a-designs considerably increases 
the number of available designs. 
6.3 Construction of Tables of Al or-Designs 
The theory developed in the previous chapters cannot be 
directly used for AR cv-Assigns, however the following intuitive 
ideas seen to work well in general: 
it a produces an a-design with a high h.in.o,e.f., 
then the AR v-designs obtained from a for 
p a 1 9 2 9 ... 9 a-1 will each have a high h.m,o.e.f, 
Hence the arrays given in Tables A and C may be used to 
produce a wide rang. of AN a-designs. The technique of 
deleting symbols from standard designs has been used by 
Hunter (1974). 
From (1.5.3), for an AB cr'd.sign, 
AI - 1 Nk' v 	N', 	 (6.3.1) _ r 
and hence the concurrence matrix,, NH' does not enter 
explicitly into the analysis, however since the elements 
of k differ by not more than one, the elements of 
N kN' may be approximately related to the elements 
of NN'. Then, analagous to (3.6.3), we may write 
3 (I+ 3 Nk'N'), 	(mod 	(6.3.2) 
it fellows that pairwise variances may still be grouped 
according to the number of distinct off-diagcinsl 
elements of NN', as has been done for a-designs, 
6.3.1 • AN a-Designs obtained from o'(O,i ) .Designs 
The cv(O,1)-designs produced by the arrays a' given in 
Table A have been used in Construction 6.2.1 to provide AS 
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o-designs for ke - p varieties (p a 1 9 29 ...,k-1). Per 
example, for r a 3, a - 7, k -J+ the array & given in 
Table A,2 is used to produce 3 replicate resolvable designs 
for 
 28 varieties, block use 	4. (P - 
 27 varietiez, block sizes 3,4 (P a 1), 
 26 varieties, block sue. 3 1,4. (P - 2), 
 25 varieties, block sizes 3 9 4. (P a 3) 
The properties of all AN c-designs derived in this way 
are given in Table B. 
6.3.2. AN a-Designs obtained from c(O,1,2).'Deaigns 
S 	 S 
The minlaW o(O,1,2)-designs produced by the arrays y 
given in Table C have also been used in Construction 6.2.1 
to provide AN c-designs for ks - p varieties (p a 1 9 29 9..,a-1). 
Sins, these miniemi a.(O,1 ,2)-designa in general do not have 
P structure, we would like to remove the symbols which occur 
twice in blocks with other symbols, the greatest number of 
times, i.e • we try to keep the number of twos in the 
oomourr.uce matrix of an AR c-design at a a4niaum, as this 
has the effect of imor.asirLg the h.m.c.s.f. • For this reason 
we have arranged the columns of a" in Table C so that the 
largest element of y is the last element, (v )1• 
Example 60.1 	For r-3, k-4., a.) let & I b.given 
by 
a". 	0 	2 	1 	0 	 (6.3.3) 
0 	1 	2 	1, 
- 90 M 
so that 
• (1,1,1,3)' 
Let p • I ; then for the Al 0-design obtained from (603.3), 
• .7585. 
Now interchange,, say the first and last columns of (6.3.3), 
Le o lot & 9 be given by 
0 0 0 0 
0 2 1 
1 1 2 0, 
o o 0 0 
• 	0 0 2 1 	 (6.3.) 
o 0 1 2, 
then 
V • (30091)' 
Let p • 1; then for the Al a-design obtained from (6.3.4), 
-.7378. 
Thus i depends on the number of twos in the concurrence 
trix of the Al a-design.! 
6.1,. The Incorporation of Control Varieties into Al rrDe5igns 
For v-designs, wi have adopted the convention of 
auecatlng the control varieties to t if the first 5 symbols 
of the design, where because Nil' has BC structure, it does 
not matter ncoh which combination of t symbols are chosen. 
However for 11 a-designs, some particular combinations of t 
symbols from the first s may be preferred for allocation of 
control varieties. 
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To illustrate this, Let us consider an AS v-dssign with 
p - 1, obtained from the array 	• The concurrence matrix 
of the AN a-design may be obtained by removing the last row 
and column from the concurrence matrix of the v-design. If 
the th  element of this last column is 0, and the th 
•lomant ix, say I (h,h' - o,i,...,e..i), then in the AN a-design, 
symbol h would occur in blocks with more of the other symbols 
than symbol h', and so would be preferred fbr allocation of 
a control 'variety*  
enoe from (32.4), it follows that the row sums of the 
last p columns of the sirculant matrix (al k-1)  determine 
the order in which the first s symbols of the AE a-design 
are to be allocated the t sontrol varieties, i.. symbols 
corresponding to rows with the smallest row sums are most 
desirable for allocation of control varieties. 
Example 64,1 Per z-3, k-4, sa3 let & be given 
by (6.33), then u - (290,1)' and hence 
-.03 
2 	0 	1 
903 
a 1 	2 	0 	 (6.l) 
0 	1 	2 
(i) When p = 1, the row sums of the last column of (6.4.1) 
are (1,0,2)' and hence the control varieties should be 
allocated to symbols in the order 1,0,2, i.e. when t = 1, 
the control variety should be allocated to symbol 1; when 
t - 2, the control varieties should be allocated to symbols 
I and 0, etc. 
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(ii) When p a 2, the row .a of the last two columns of 
(6.4.1) are (1,2,3)' and ho. the order for control varieties 
should be 09 1 0 2./ 
In Tables B and D, the order for control varieties for 
t < iin(s,5) is given, which should be sufficient to cover 
most sxperiminta]. situations, 
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ANI: sTJB 
A,1 
In this appendix zeverl structures are defined for a square 
matrix A with reel .]agants. In sections A.2 and A.), 
circulant matrices and block otroulant matrices are defined and 
some properties are derived. 
it is shown in sections A.4 and A.5 how the theory of sections 
A.2 and A.3 may be generalized to n factors, and generalized 
oiroulant matrices and block generalized oircu]ant matrices 
are defined. Several theorems are stated without proof, they 
being straightforward generalizations of earlier results* 
A generalization of sections A.2 and A.) in a different 
direction is given in sections A.6 and A.7 by defining double 
ciraulant matrices and block double ciroulant matrices. 
Under certain oon&i.tions, some properties of double oiroulant 
matrices are proved in section A.6, and in section A.7 81i41ar 
results for block double oiroulant matrices are simply stted, 
their proofs not involving any new ideas. 
Balanced factorial structure is defined in section A,8 
and it is shown that this structure is a special case of 
generalized ofroulant structure. Some properties of this 
structure are compared with previous results for the some 
structure. 
In section A.9 9 orthogonal factorial structure is defined 
and several theorems are stated. A comparison is made with 
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recent work by other authors. 
Finally in section A,10, a definition of permutation 
structure is given. 
A.2 Ciroulailt Matrices 
Definition A.291. An $ x 5 matrix 	(h - 
whose (1,m)th  elmaent, (th) la .1, if a A 1£ ii, 
S 0, otherwise, 
is called a basic oiroulant./ 
Detinition A.2.2. An S K I matrix A in said to be a 
ciroulant matrix if it can be written as a linear combination 
of basic oiroulanta, i.e. 
s-I 
Aze 
- 	h-0 hth • 
	 (i2.1) 
A is said to have C structure./ 
The latent roots and latent vectors of a ojroulant matrix 
involve the •th  roots of unity (Bellman, 1970, page 242). 
briA.21 1 Let A have C structure and be given by 
(A.2.I). The latent roots of A are given by 
s-I 
U 
- E M 
u h , 
	 (..2.2) ___  
with corresponding latent vectors 
	
1 	0 	1 	s-I v s - 7 m 	) 	(A.2.3) 
wh.re w is the uth, 1th root of unity, i.e. 
(27hiUh) , 
	 (A.2.4) 
- 	(2TTUh) + i sin (2!Tub 
a 	 a 	(A42.5) 
(u • 0,i,...,s-1) 
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ZE22Ls Following Davis and hall (1 969), define mutually 
orthogonal ideapotant matrices 
s-I 
- 	z i,_h rh • 	 (&.2.6) - 	hRO 
(u  




The T u * have rank 1, with the (19m) th  element equal to - 
I 	(s-i) 
; (l.a 	
0 1,1 9 909 93-1).Jlenoe 
, 
u _ V uI  ' 	 (A.2.8) _  
(u - O,1,... 9 8-1) , 




Theorem A92,2, Lit A have C structure and be given by 
SM 
(&.2.1). If £ is symmetric thens 
(i) 	a  a A  
(h a  O,1,646 0 3-1) 
s-I (a) 	4 * * 	* a 	 (2T!Ub) 	(A.2.1I) 
U 	LU h h 
(u a 09 1,...,s-I) 
We can find a complete set of real latent 
vectors for the real latent roots 0*, 
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Proof (i) If A is •jiastiio thin the (1)th  element of  
will be equal to the (w,l)th  element of A s 
' 
From (L.2.5) and  (A200), 
h 	-h 	 2rruki 
+ th1tu 
-2 	cos ( 	), 	(A.2.12) h IOU 
(u,h a 00 1 0...9 8-1 ) 
Substitution in (A.2.2) gives (A.200) 
This is a fundamental property of real ayn.strio 
matrices (Benisan, 1970, page 54). For szaaple we may obtain 
a eampleto set of real latent victore from the tu.  given by  
(A.2j) as follows: 
Define 
f 	,1 	 r y 	1 
I -u -u 
 
Y LU 1&uJ 
r- (u 	1,2,...,i— I - J) , 
where U is the unitary matrix 
I 	I 
U - 1 1 (A.2.1l,.) 
-i 	i 
Thin 8 and 5. are two real orthogonal vectors for the 
latwn::_
L 
 - 1 ,2,....[. ji)), i.e. 
U. 
8 • .,/. ( i, 00$ (2:u) •.., 00$ 
$ 
(A.2.1 5) 












and when $ is even, let 
6 ' m v ' - p1.. (i,-i,i,...,..i). 	(A.2.17) 
p 
Hence the 8 are a complete set of real latent vectors for 
A, i.e o  
u 	 if u-u' -u' 	 , 
* 0 • otherwise, 
	
(U. us 	O,i,...,e-1) '1 
Theorem A.2.3t If A has C struotur., then the Moore-Psnrose 
gsnsra].iaed inverse, A' also has C structure. 
Proof. Let £ be given by (1.20) and dc,fine 
U 
- o, it q. u 	09 
 
0 ) ,01  , otherwise, 




0 U-U U0 	




 0-- h 	5u * U 
But from (A.2.6), 
s-I 





A' * Z 0 rh , 	 (1.2.2.3) 
- 
Which by Definition 1.2.2, has C structure./ 
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A. 3 Block Ciroulaut Maioec 
Definition £.3.I. A tax ta matrix A i.e said to be a block 
circulant matrix if it can be written in the torn 
s-I 
A • r A a r 	 (A.3.1) 
- 
where the A 
h are now t x t matrices. 
A is said to have BC structure,/ 
inalagous to (A.2.2) 9 define 
a-I 
!C) "U h ' 	 (A.3.2) 
(u • O,1,...,euI) , 
and let the 9* be vritten in the spectral form 
t-1 
9 * a
uf utuf 	 (A.3.3) fO  
Theorem A9391 • Let A have BC structure and be given by 
(3.1), The latent roots of A are guf with corresponding 
latent vectors 'uf ! 
	- 	 ; u . 
Proof. Using (A.2.6) 1, (
A.3.I) may be written as 
a-I 
A • r n *. r  
- 	w'O 	-u 
a-I t-.I 	- - , C r 
. fZuf " 	(A.3,5) u.'O f uf.-u 	u u  
(using (A.3.3) and (.a.2.8)). 
Hence A may be written in the spectral fern 
A 	 ev)(,Sv)' ./ 	(A.3.6) 
U00 r-O 
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Th.!rem A.3921 Lot A have BC structure and be given by 
(A.3.1). If A is my 	trio then: 
(I) 	 • 
(h a 0,1 96 . 4 s-1) 
The A • are hsrixLitian matrices ard 
-u 
A 	A. (.3.8) 
(u • o,1,...,s-1) 
L2.21a (i) Writing i- i's +1'' ;aa'a+m", 
; i'',m'' - O,1 9 09. 0 3-1) • 
then the (1,m)thl  element of A is 









From (A.3.2), the (])th element of, * is 
— 
1.1.1 	h 	in 
() 	, 
B-I 
- 	h 	' 	(by (&..7)), 
)iwO U - 
s-I  wh 	al 
- 	 L (by (A,2.4)), 
s-I 
-h 	)la 
h=O U -U 
Bence 
- 	of - 	 (Aj.Io) 
—U 	—U 	 -u 
(u - 01 1060001 8-1 ) , 
-104. 
i.e. th.arehsraitianend p.', thus 9 
-'U 	 U 	 -v 
and a W will have the seas retl latent roots. If U . 0 0 
(or when $ it .7an, u - ), the 	will be real syaastric 
aatrioes *Ina* 	• I ant W a 
h n  (-1)h (h a 09 1 9 080 0 5-1)./ 
Theorem A.3.3. Let A have BC structure and be given by 
(A.3.1). If A is symmetric and the rows and coluaia of 
Oh 
add to the same number, Zh(k 
 - O,I,...,.-.1), then the 
will cash have a latent vector, say i, equel to 	1, 
with corresponding latent root 
s_I 	2uh 
Z cos ( 	-) . 	 (A.3.11 ) 
haO 
Sine. 	- £, then by(A.3.2) 
s-i 
0 • I -( 	h - haO U 
Hence 	I is a latent vector of 0 • 	Now -U 
- 	- !h'i' 
• Ah! ' 	(by (A.3.7)) 
- 
Hence (A.3,11 ) fellows in a sa41kr mAnner to (A.2.11)./ 
Theorem A03.. If A has BC structure, than theMoore-
Penrose i.nsralissd inverts, A also has BC structure* 
Let £ be given by (A,30) and from (A.3.3)9 define 
OW 











uf 1uf uf' 
• 	 (A.304) 
fwO 
Then s-I 
t Os.r., 	 (A.305) 
u 
AnalaSous to (A.2.21) 0, define 
s-I 
0 - 1 	 (A.3.16) Ii 	 U -41 
liezic. using (A.2.22), 
s-I 
- T h0rh' 	 (A.3.17) 
- kwo 
which by Definition £3.1,  has BC structure./ 
AA Generalised Cfrcuiant Matrices 
Definition A.4..1, Let a be factorised into some number, n 
of factors, i.e. a - s. a. ...n 	
An a x $ matrix A is said 
to be a generalized cirsu]snt matrix with n factors if it 
•an be written in the fore 
s-I s-I  n s-I 1 	2  
A
h 	
Ah 1 h2...hrh, • rh20 
	
hi '0h2 	n 
(.I) 
••' h 
where the 011h2 
so*  h 	 h3 
are real numbers and the r 	are 
' 
X a basic oiroul&nts. 
£ is said to have GC(n) atruoturs./ 
lienos C structure can be thought of as GC(I) structure. 
40 106 4p 
Theorem A.4.1 • Let A have GC(n) struoturs and be given by 
(A.4.1). The latent roots of A are given by 
00 
aval a.1 	s-I 2 n 	 U 	U 
uj%l2 	N=O h ...U
2 
2 'O h"O 
h1h2 h 	...h 
with corresponding latent vectors 
V 0 v 
U 
Where mu is the ujthq • 
th root or unity, -a 
$ -1 
•7 	"U1' so*  'Uj 	' 
(u3 a 	 3 a 
Theorem A94.2% Let A have GC(n) structure and be given by 





9h1 h h2 . •..h 
a 
(h3 a O,l,• •• $çI ; 3 a  




al_I $21 	—I 	 Z'Tu1 h1 	226 







(u3 a Ol...suuhI ; j a 
fl7 
Theorem A.4..3, If A has CC (u) struotur., then the Moore- 
Penrose generalized inverse, A also has GC(n) structure./ 
A.5 Block Generalized Ciroulant Matric0s 
DsfLnition A.5.1. Let a be factorized into some number, n 
of factor., i.. a =.,.s • A ta x ta matrix A is said 
2 	n 
to be a block generalized oiroulant matrix with n+1 factors 
if it can be written in the form 
81-1a 271 	i-I U 
A -77  
h1 b2 h=O h1h2...hEh1' 	2 	
Lh P (A.5.1) 
where the q 	 are now t x t matrices. -h1 h ...h 2 n 
A is said to have B(C(n+1) structure./ 
Hence BC structure can be thought of as BGC(2) structure. Also 
if all the 9 	 are oiroui*nt matrices, than BGC(n+1) 
12 	n 
structure becomes GC(n.1) structure. 
AnslAgous to (&.42), define 





''n hi 0 hiucJ' ii 	h 	h2  "h h1h2...b' (A.5.2)
Un 
(Uj a Ol•••p5j 'i ; j a 1,20 090,n) , 




fu U ...0 	u ...0 • 	
( a.513) 
n 	12 	n 12 	n 
- 108  to 
Theorem A.5.1. Lit £ have BGC(n+1) structure and be given 
by (A-5-1)- 	The latent roots of A ars 	 f with l 2.un 
orreapondlng latent vectors 
•v 0  
U1 	U2 
(f - 00 1 9 060,t-1 ; u = 	 ; j = 
Theorem A.5.2. Let A have BGC(n+1) structure and be given by 
AW 
(405.1). If A is syiietrio then: 
 es (S.) .1 h2...h h 	*  (A.5.I.) 
(h = o,i,.6 6 ,s-4 ; II IS 1,20 0.0 0 n). 
(ii) The -tj1 U ...0 2 n 
go 
..U1 U2 ..SU 
are hermitian matrices and 
S 
 goo 
 _ 1-u2.. 	fl..0 	, (A.5.5) 
(u4 a 01•065j i j J - 
Theorem £5 .3 	Let A have BGC (n+1) structure and be given 
by (A.5. 1 ). If £ is symmetric and the rows and oolms of 
!h1 h 006h 
add to the sam nmber Zh,h ...h 	
00 1 ••5jlJ 
	
£ U 	 2 n 
- 1,2,...,n) then the 	 will each have a latent 
vector, say Z u1 U2. ..0 O equal to 	1, with oorresponding 
latent root 
iI 
fl 	a -1 	 21u1h1 	21u2h2 
h 	
Zh.1hh Goo( 	)oos( '2 
	(A.5.6) 
hi =0 h2 
oes( flU) / 
U 
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Th"rea A.59+. If A has BQG(n+1) structure,, then the Moore- 
0 
Penrose generalized j•r• 	also has BGC(n+i) structure./ 
A.6 Double CS.rou3,ant ilatrices  
We modify the notation of section A.2 by representing the 
basic ciroulants of Definition A.2.1 by 
r  
Oh 
(h - 00 1 90009 8-1 ) N 
and calling them forward basic siro"l-nts. 
Definition A.60. .'n s x a instrix rm (h -
in whoa. (],)th  element, 1h 	a 1 if m. 1 
a  Ii, 
a 0, otherwise, 
(l,m a O,1, 9 . 00 3-1) , 
is oafl.d a backward basic cirou].ant./ 
Definition A6,2. An a x $ matrix t is said to be a 
double oiroulant matrix it it can be written as a linear 
combination of forward and backward basic ciroulants, i.e. 
Il-I 
A a 	r n 	• 	(A.6.2) 
- 	g 	h-0 ° 
A is said to have DC structure./ 
We only consider DC structure for which 
(A.6.3) 
00 1 ; h a U 9 1 9 006 jo s-1) 
Analagous to (A.2.2) and (A2,6) define 
a-I 
_ .1 r 	r 
8 h=O u -gki' 
and 




,, 	 h 
T  
gn boo U gh 
(g - 0,1; u - 010i000.,e-1). 
Heno. (&.6 9 2) may be written as 
r • 	 ( 6.6) 
- 	 gu ..gu 
We would lik, to convert the 2s matrices r 	into a basis for gu 
Define 
A 	-8 6' 	 (A.6.7) 
-U -U-U ' 
where the 6 are given by (A.2.15-17), 
(u a  0,1,...,s-1) 
Thus by (A.2.18), the A are mutually orthogonal Ii1enpotent 
matrices. 
Theorem A.6 ,1. 
(i) - •
r 
00 	-10 	i-s 
When a is even, 
• r 	ii 
.1.1 
2 
(iii)A 	±'r •+r •4r *1' -u 2m 0u 	04u 	-lu 	..j& ' u' 
i.(r •.r *r,,* r * 





(i) and (ii) follow from (A.2.16-17) and (a.6.4). 




1 	1 	1 
qu 	
-- +(D 1 ) (W +w uu 	2 n AU u 	AU 
j a-i 	1-a 	1+a 
z 	 ) 2 u ii u 	u 
(u - 1,2 	; 1,a - O,1,...,a-l) , ,...,L 2 
and the second part of (A.600) may be proved in a al1n41 r i.an"er./ 
Define 
IT - goo + 
	, 	 ( A.,6.11) 
when a in even, 
Tr - 0 	
1.* 




 2 2 
TT - 	+ 
(A.6.13) 
¶1, - -u 	c 	lu 0  
(u = 1,2,..., tr• 
Theov* £.6.Z. Let A have DC structure and be given by 
(A6.2). If A satisfies (A.6.3), then the latent roots of 
A are YT with oorr.spondlg latent vectors 6 (u - 
Proof Cition (A.6.3) implies that A is symmetric and 
that 
S - 994U 
(g - 0,1 j U - Otis 
Hen a. using (.a.6.8-1o) and (a.6.11-13), we see that (A.6.6) 
may be written in the spectral f'a 
s.,1 
A -E IT 6 6' •/ 	 (&.6.15) - 	uaO UUU 
If A has DC structure and satisfies (A.6.3), 
then the Moore-Penrose generalized inverse, A also has DC 
structure. 
Proof. Define 	0, it rr = 
-1 
a IT 	• otherwise  
(u - 
6-1 
E I A 
- 	u.() 11.-U 
Define 
0i'b - o 
when a is even, 




0 	3 (e +Au 	
9) 
- 
(g - 011 j  U - 1,2,..., 
A" Ae \ -e 	,ife in even,, - 	- 	0-0  
22 
(A.6.20)
ifs i. odd. 
Than from (6.8'..1o), it follows that 
I s—I 	
• 	 (A.6.21) 
g.0 u) 
Hence using (A.6.4), A may he written in the fors 
113 
- 	gr, 	 (.6.22) 
where 
i$1 	u.h 0 gh 	'z-O U 	Sh 
(g - 0,1 j  a • 
Thus by Definition A.6.2, (A.6.22) has DC structure,, and hence 
from (A,6.8), (A.6.9) and (A.6.20) 6, it follows that A' also 
do 
has DC structure./ 
A.7 islookDo-012 irou3.ant matrices  
DetinitionA.7.1. A texts matrix A is said tobeablook 
double ofrou]ant uMrix if it can be written in the form  
I •..1 
A - r r a r • 	 (A.7.1) 
Ow 	g h 
where the 19 	are now t x t aatrioes. 
A is said to have BDC structure./ 
We only consider BDC structure for which 
• 	 (A.7.2) 
(g U 09 1 ; h o,1, ... ,s-1). 
Analogous to (A..5), define 
s-I 
- r 	h9 , 	 (A.?,)) .gu 	u..gh 
(g • 0,1 ; u - 0 9 1 0 .00 00-1). 
Theoj.1. Lot A have BDC structure and be given by 
(A.70). If A satisfies (A.7.2) then the 	are real - 	 gu 
aystrio matrices and 
- i%- 
A. a A It P 	 (A44) -gu 	g-u 
(g - 091 j u a o,i,...,a-i) .1 
Define 
(i)zo - q. +A* 
.00 .10 ' 	 (A.7.5) 
(ii) when a is even, 
TV 	It e 0 •A* 	 (A.7.6) 
AL -O AA' 
2 2 	2 
Tr a 	* + A* 
...Ou 	..lu ' 
IT 	 * _& - . Ou ..lu ' 
(u • 1,2,...,[ ii) 
By Theorem A.? .1, the 	are real symmetric matrioss • Let 
the r be written in the spectral fore 
ta.1 





Theorem A.7 92. Lit A have BDC structure and be given by 
(A.7 .1). it .a satisfies (A.7.2), than the latit root 
of A are C 	with corresponding latent vectors 	I 
(f - 0,1,...t-1 ; U - 
Theor em .7.3. If A has BDC structure and satisfies (A.7.2) 9 
then the Moore-Penrose generalised inverse, A also has BDC 
structure .1 
A,8 	B&iftnoed Pa.otorjal Strio%ure 
Definition A.8.1. 	Let A have GC(n) structure and be given 
- 115 
by (A.4.1). If all 0 h1h2  ... h  (where if h j  0, then 
hj - l,2,...,afl), are equal, say to P. 	 , i.e. 




I - Q if h *0, 
* 1, otherwise, 
(3 a 1,2,9..,n) 
then A is said to have balanoed factorial structure for n 
factors, 4••  BP(n) etruoture./ 
Theorem A.891 	Let A have BP(n) structure. The latent 
roots of A are given by 
I 	II 	z 0 x 	x 




T! ($ 4 .1) 	, 
d 
x l 
where the o ' are given by the table 
j 
0 	1 
0 	1 	1 
I 	s1 	-1 
(xs a 0,1 ; j - 
Proof . From (A.2.1+) j, 
-116.. 
b i-I h 






0 • oth.r,ria. , 






a au , othwi.s., 
(j a 
11c., using (e,8.1) 9 it follows that (A.4.2) rsduo.s to 
(A.8.2)./ 
Ezirsssion (A.8.2) is Identical to expression 4.28 given by 
Xabirs&ar (1966) and uxixesai.n ás.10 given by H4ika3aaai (1964)0 
A,9 Qrthoonal Factorial Structure 
DstIaitiozi A09.1. Let a be factorised into some number, a 
of tasters, j•• • a a, a ***B • It A is an a a a 	— 
symmetric matrix with r.s.1 latent isca of the farn 
!, 0 A 0 *** 0 6 0 	 (A*9,I) -U 
I 
whore 8 is an a x I vector,, and either 8 a 	I or 
••11 	 J  
I • 0, thM A is said to hays orthogonal factorial structure 
tar a factors, 1... 07(n) structure,/ 
With this ctefinitisn, the following results are 4.diate: 
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Theorem A9 9ei , The matrix A of Theorem A.3.3 has OF(*) 
structure.! 
This has been shown by John and Smith (1972). 
Theorem A,9,2 0 If A has GC(n) atruotura, then A also has 
07(n) structure./ 
This has been shown by John (1973). 
Theorem-A.9.3. The matrix £ of Theorem A.53 has oF(n.1) 
structure,/ 
This has been shown by Cotter, John and Smith ( 1 973). 
A.1O Permutation Struc ture 
Definition A.10.1, Let A be an s x a matrix. If (i) 
all the diagonal elements of A have the same value, and 
(ii) the elements of any row or coluen can be obtained by a 
permutation of the elements of any other row or ooltmn, 




COPUTION OF THE HM.C.E.P. OF o-'DESIGNS 
13 1 1 Simnry. In section 3.4, it was shown that I for 
an r-design may be obtained from the oharecteriatio equation. 
(3.i..i). In this appendix, these equations are simplified 
for the oaaes r - 29 3, 4. 
B,2 Sjmplitioation of the Chmracteriatio Equations 
We first define a difference not an v. 
Definition 13.2.1, Let 
D a (mlj,uL129...,mld.13a2I.II,....nl;...;mgj,mg2,e.I,1ngd), 
(B.2.1) 
8 
where r, d 	d, denote the sot of k differences of the 
Jul 
form 
11m11 	£113m12 '112m12 	 1ljIn,d1 alidjuldi 
 
122m21 ai21 a21 )ai
23222 	 2d2 	2d2 2d 2 
	
'1821fl81 a1gi m81 	g3*) 	 g2 sl 	
a 	 a 
g2 	g2 g1 mgd 	gdgd 
obtained from the array 
(ajj a 0,1,.00,r1-  
j a i,2,...,d. ; I a 1 0 2 9 00. 9 ) .1 
Per wample g, the difference set D a (m,m') will involve 
differences of the form 
119 
(&lgm 1 Al.) 3 (a, 1 &,..1) • 	 (13.2.2) 
(1,1' • 
Suppose the element h appears X times in the difference 
set D (h a o,i,...,.-i), and lot 




I'A(D) a 	 (B.2,) 
Definition B.22. (i) For r • 2,define 
2 X(o,i). 	 (B.2.5) 
For r-3,define 
2 ax(o,1) +X(0,2) +x(1,2) 	
(B.26) 
• a(o,1,2) . 
Per r -4 ,dsfl.ne 
2 a ! (00 
	.A(o,2) +X(o,3) +X(12) +X(i,3) +X(2,3), 
- 20(0.1.2) + )(00 9 3) .x(o,2,3) +.X(1,2,3)), 
(B.2.7) 
a 2Q1(0,1,20) +X(o,1,3,2) + X(o,2,1,3)) 
(X(o,1;2,3) + A(0,2;1,3) s X(0,3;1,2)) .1 
Let the elements of 	be vdh (ii - 
d - 2, ..., r), and define 
I 8.1 _____ 
- 	 r 
cos (2TTUh)  v 	• 	 (B.2.8) 
(rk) h=O 
(u - O,1,...,a-1 ; a a 2,...,r; r - 2,3,4) 
Then the characteristic equations (3.4.1) may be written in 
term of the v4 " , in particular, 
- 	 - 
(1) for r-2, 
x -v 2 	• 0 0 	 (B 02.9) 
for r3, 
- v 2u 
*x- 3u* - 0, 	 (B,21O) 
for r 4.1 
" 2u"x 	'3u"Jeu - 0
0 	(B.2.11) 
(u • 091960698-1) , 
where 
x-1 









27 - V2 
for r - , 	
.1 	* 	* 	
(z.2.I) 2"2u -i-. 
U.
- 1 2: - V3 	v 4U 
(u - 1,2,...,e-1). 
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GUIDE TO Titi ?ABL38 
Tables A and C 
For each combination of r, a, k, Tables A and C contain 
the last r - I rows of an array o" in reduced form, from 
which o(o,i)-.designs and o(o,1,2)-.designa respectively may be 
obtained. In a few oases, arrays 00 have been used and these 
are denoted by an asterik. Also included is the h.m.o.e,f. 
(i') for the dual design (or &-design). 
Tables B and D 
Th..e tables contain properties of most of the designs 
obtained from Tables A and C respectively, including almost 
equiblook-sised n-designs. For each design we give the 
m4n4um canonical efficiency fsctor (E(MIN)); the h,m.o.e.f. 
(i); the harmonic mean if the p.irwiss efficiency factors 
((i)) for varieties that appear together i times within 
blocks, together with the range (as a p.ro.ntag.) of these 
pairwise efficiencies; and the recommended order in which the 
symbols of the design are to be allocated control varieties 
(up to ain(s,5) symbols). 
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TABLE A.1 
od0,i)-CSLGNS , R.=2 , 3<- S-4 15 , 3K-<10 
S K E I ARRAY ' 
3 3 .5556 C 1 2 
4 3 .428 C 1 2 
4 4 .5385 C 1 2 3 
5 3 .4361 0 1 2 
5 4 .4982 0 1 2 3 
5 5 .5294 0 1 2 3 4 
6 3 .4151 C 1 3 
4 .4705 0 1 2 3 
6 5 .5C38 0 1 2 3 4 
6 6 .5238 C 1 2 3 4 5 
1 3 .4081 C 1 3 
7 4 .4573 0 1 2 4 
7 5 .4853 C 1 2 3 4 
7 6 .5061 0 1 2 3 4 5 
7 7 .52CC C 1 2 3 4 5 6 
8 3 .3896 C 1 3 
8 4 .4418 0 1 2 4 
8 5 .4735 0 1 2 3 5 
8 6 .4928 0 1 2 3 4 5 
8 7 .5170 C 1 2 3 4 5 6 
8 8 .5172 0 1 2 3 4 5 6 7 
9 3 .3753 0 1 3 
9 4 .4318 C 1 3 1 
9 5 .4631 C 1 2 3 6 
9 6 .4832 0 1 2 3 4 6 
9 7 .4969 0 1 2 3 4 5 6 
9 8 .5073 C 1 2 3 4 5 6 
9 9 .5152 C 1 2 3 4 5 6 7 	8 
Ic 3 .3623 C 1 3 
10 4 .4247 C 1 2 5 
10 5 .4562 C 1 2 3 6 
10 6 .4755 C 1 2 3 5 6 
10 1 .4892 0 1 2 3 4 5 7 
10 8 .4994 0 1 2 3 4 5 6 7 
10 9 .5173 C 1 2 3 4 5 6 7 	8 
10 IC .5135 C 1 2 3 4 5 6 7 8 	9 
11 3 .3491 0 1 3 
11 4 .4211 0 1 2 5 
11 5 .4521 0 1 2 4 7 
11 6 .4705 0 1 2 4 5 7 
11 7 .4832 C 1 2 3 4 6 7 
11 8 .491 0 1 2 3 4 5 6 8 
- 123 - 
S K Es ARRAY .c' 
11 9 .5CC9 0 1 2 3 4 5 6 7 8 
11 10 .5072 0 1 2 3 4 5 6 7 8 9 
12 3 .3463 C 1 4 
12 4 .4175 0 1 3 7 
12 5 .4458 C 1 2 4 7 
12 6 .4646 0 1 2 3 5 
12 7 .4782 0 1 2 3 4 7 9 
12 8 .4882 C 1 2 3 4 6 8 9 
12 9 .457 0 1 2 3 4 5 6 8 9 
12 IC .5019 C 1 2 3 4 5 6 7 8 9 
13 3 .3425 0 1 4 
13 4 .4161 0 1 3 9 
13 5 .4408 C 1 2 4 7 
13 6 .4601 C 1 2 3 61C 
13 7 .4737 C 1 2 3 5 6 9 
13 8 .4638 0 1 2 3 4 6 7 9 
13 9 .4917 C 1 2 3 4 5 7 910 
13 IC .4975 0 1 2 3 4 5 6 7 9 10 
14 3 .3347 C 1 4 
14 4 .4106 0 1 4 6 
14 5 .4368 0 1 2 4 9 
14 6 .4568 0 1 2 3 61C 
14 7 .4699 0 1 2 3 5 6 9 
14 8 .4802 0 1 2 3 4 6 10 11 
14 9 .4878 0 1 2 3 4 5 7 910 
14 10 .4940 C 1 2 3 4 5 6 8 10 11 
15 3 .3281 C 1 4 
15 4 .4062 0 1 3 7 
15 5 .4339 C 1 2 4 10 
15 6 .4543 0 1 2 3 6 1C 
15 7 .4679 0 1 2 4 5 E 10 
15 8 .4175 C 1 2 3 1 IC 11 13 
15 9 .4848 C 1 2 3 8 9 11 12 13 
15 10 .4907 0 1 2 3 4 6 7 8 9 13 
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TABLE A.2 
.d0,1)-DESIGNS , R=3 , 3,<S15 , 3K9 
S K Et ARRAY .c 
3 3 .7273 0 2 1 
012 
.4 3 .6801 0 3 2 
013 
.4 4 .7097 0 1 2 3 
0231 
5 3 .6477 C 3 4 
021 
5 4 .6824 0 2 3 1 
0324 
5 5 .7CCO 0 1 2 3 4 
04321 
6 3 .6293 0 5 4 
031 
6 4 .6625 0 1 5 4 
0435 
6 5 .6807 0 1 2 5 4 
03125 
7 3 .6199 C 1 2 
036 
7 4 .6546 C 1 2 4 
0365 
7 5 .6691 C 1 2 3 4 
03615 
7 6 .6814 0 5 6 2 3 
0 2 1 5 4 6 
7 7 .6897 0 1 2 3 4 5 6 
0654321 
8 3 .6060 C 7 6 
041 
8 4 .6444 0 7 1 3 
C 251 
8 5 .6604 C 1 2 3 5 
03741 
8 6 .673C 0 2 4 5 6 
C 37426 
8 7 .6804 0 7 5 4 3 2 6 
0137652 
.8 8 .6866 C 1 2 3 4 5 7 	6 
04567312 
9 3 .5958 0 8 7 
041 
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S K ARRAY ' 
9 4 .6399 C 8 2 6 
0173 
9 5 .6536 0 8 1 2 4 
02763 
9 6 .6662 0 2 3 4 5 1 
015768 
9 7 .6731 0 1 2 3 4 5 6 
0815762 
9 8 .6794 0 2 3 4 5 6 7 
C 7654328 
9 9 .6842 0 1 2 3 4 5 6 7 8 
087654321 
10 3 .5869 0 9 8 
051 
10 4 .6324 C 1. 3 4 
0287 
10 5 .6485 C 1 3 4 8 
04925 
10 6 .6605 0 1 2 35 6 
079564 
10 7 .6676 0 1 2 3 4 5 6 
03182 9 7 
10 8 .6728 0 1 2 3 4 5 6 7 
05196872 
10 9 .6783 C 1 2 3 4 5 6 1 8 
051627384 
ii 3 .5824 0 6 7 
092 
11 4 .6261 0 1 3 5 
0289 
11 5 .6431 0 1 2 4 5 
C 8 10 7 6 
ii 6 .6558 0 1 2 4 8 9 
0 6 10 3 't 2 
11 7 .6629 0 1 2 3 5 8 9 
0 2 5 10 9 6 8 
ii 8 .6698 0 1 2 3 4 5 6 7 
0 9 1 10 6 8 7 5 
11 9 .6738 0 1 2 3 4 5 6 7 8 
0 9 1 10 6 8 7 5 2 
12 3 .5762 C 5 7 
064 
12 4 .6207 0 1 7 9 
0256 
12 5 .6393 0 1 3 7 8 
0 4 10 5 9 
12 6 .6513 0 1 2 6 71C 
0 8 4 5 10 11 
12 7 .6582 C 1 2 4 5 8 IC 
C 2 6 3 10 11 8 
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S K E I ARRAY €c 
12 8 .6650 0 1 2 3 6 7 8 9 
0 IC 5 11 7 6 1 4 
12 9 .6695 C 1 2 3 4 6 7 8 	9 
0 10 5 ii 2 7 6 1 4 
13 3 .5716 0 1 8 
034 
13 It .6160 0 1 4 6 
0 3 5 12 
13 5 .6369 0 1 2 4 9 
0 2 7 12 11 
13 6 .6476 0 1 2 3 811 
0 5 8 12 11 10 
13 7 .6551 0 1 3 5 6 9 10 
0 3 12 10 7 8 4 
13 8 .6617 0 1 2 4 6 1 10 11 
C 8 11 7 5 2 3 12 
14 3 .5682 0 3 8 
047 
14 A .6111 0 1 9 11 
0 8 10 13 
14 5 .6330 0 1 4 6 7 
0 2 3 11 10 
14 6 .6431 0 1 3 4 9 IC 
096815 
14 7 .6525 0 1 2 4 5 7 9 
0 3 1 10 12 11 5 
15 3 .5649 0 1 ii 
034 
15 4 .6093 0 2 6 12 
0 13 5 7 
15 5 .6295 0 1 2 8 11 
0 6 14 9 13 
15 6 .6414 0 1 2 7 8 11 
0 5 14 6 9 13 
15 7 .6488 C 13 4 5 6 11 12 
0 3 2 7 1 8 11 
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TABLE A.3 
,.d0,1)-DESIGNS , R=4 , 4S(15 
S K E I ARRAY ' 
*4 4 .1895 0 1 2. 3 
0231 
0312 
5 L1 .7686 0 2 3 1 
0412 
0143 
5 5 .7808 C 1 3 4 2 
£3421 
04213 
6 4 .7533 C 3 4 2 
C 425 
C 1 3 4 
6 5 .7655 C 1 2 3 5 
04153 
03514 
7 4 .7432 C 1 2 6 
C 643 
0435 
7 5 .7567 0 1 2 3 6 
02654 
C 4315 
7 6 .7655 C 1 2 3 4 6 
024615 
C 36254 
7 7 .7714 C 1 2 3 4 5 6 
0246135 
0362514 
8 4 .7340 0 5 6 7 
0715 
0146 
8 5 .7488 0 1 2 7 4 
0 2 7.3 6 
05317 
8 6 .7576 0 1 2 5 7 4 
036257 
051326 
8 7 .7636 C 1 2 3 4 5 7 
0516274 
0247136 




S K 8' ARRAY ' 
9 5 .7419 C 5 6.8 7 
02438 
07146 
9 6 .752C 0 1 25 6 8 
074856 
038627 
9 7 .7581 0 2 3 5 6 7 8 
0856417 
0387165 
10 4 .7240 0 6 7 9 
0248 
0853 
10 5 .7382 0 1 2 4 9 
C 4958 
06317 
10 6 .7467 C 2 4 5 8 9 
0 5 6.3 4 8 
063197 
10 7 .7532 C 3 4 6 7 U 9 
0967158 
0219837 
10 8 .7580 0 1 3 4 5 6 7 8 
07832916 
08627539 
10 9 .7617 0 1 2 3 4 5 8 9 7 
053271649 
095732418 
ii 4 .7181 0 1 7 8 
C 1 1 10 
0 10 8 1 
11 5 .7325 0 1 2 5 6 
05128 
0 2 6 8 1 
11 6 .7432 C 1 2 3 5 1C 
036217 
068123 
11 1 .7485 0 1 2 3 4 5 9 
C 2463j7 
0114632 
11 8 .7544 0 1 2 3 4 5 910 
07463 128 
08721643 
11 9 .7580 0 1 2 3 4 5 6 8 9 
0 5 9 1 6 4 3 2 10 
O 8 5 2 1 3 7 10 4 
12 4 .7122 0 1 4 9 
C) 4 1 11 
0751 
12 5 .7287 0 1 2 5 10 
02617 
06821 
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S K E' ARRAY <' 
12 6 .7395 0 1 2 4 5 IC 
041267 
027614 
12 7 .7452 0 1 2 3 4 6 7 
0461329 
0932641 
12 8 .7511 0 1 2 3 4 5 610 
03571428 
05847213 
12 9 .7547 C 4 5 6 ? e 9 10 	2 
0 3 6 8 10 4 7 5 	ii 
0 2 7 10 6 9 4 3 5 
13 4 .7100 0 1 5 10 
0 5 1 12 
C 861 
13 5 .725C 0 1 2 5 6 
05128 
02591 
13 6 .7363 0 1 2 3 6 7 
063129 
026931 
13 7 .7427 0 1 2 3 4 6 7 
0461329 
0649231 
13 8 .7481 0 5 6 7 8 9 11 12 
0 8 12 1 9 11 10 4 
0 2 8 6 11 4 5 3 
14 4 .7C43 0 1 4 5 
0417 
0561 
14 5 .7236 0 1 2 6 7 
06129 
02691 
14 6 .733C 0 1 2 3 6 7 
063129 
091632 
14 7 •7394 0 1 2 3 4 5 9 
0 4 3 5 1 11 2 
0 3 1 11 5 2 4 
15 4 .7045 0 1 4 13 
0516 
0751 
15 5 .1206 0 1 2 4 9 
0 4 1 2 11 
0 11 4 1 2 
15 6 .731C 0 1 2 3 7 12 
0 7 3 1 2 14 
O 3 1 7 14 2 
15 7 .7386 0 2 3 4 5 9 14 
0 6 13 9 7 8 5 
0 7 10 8 14 6 9 
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TABLE 8.1 
PROPERTIES OF(C,1)-OESIGNS , R=2 , 13Vl00 
V S K P E(PIN) 	E E(C) E(1) CONTROLS 
13 4 4 3 .3333 .6306 .5738(12) .7496( 4) 0312 
14 4 4 2 .3333 .6628 .6C81(17) .7684( 7) 0132 
15 4 4 1 .3750 .6908 .6396( 	9) .7851( 3) 0123 
16 4 4 0 .5CCO .1143 .6667( 	0) .8CCC( 0) 0123 
17 5 4 3 .2572 .609C .5620(17) .7491( 8) 01342 
18 5 4 2 .2996 .6353 .52,9(13) .7638( 6) 01234 
19 5 4 1 .2977 .6566 .6127(11) .7774( 4) 01324 
20 5 4 0 .375C .6770 .6352( 	5) .78951 0) 01234 
21 6 4 3 .2205 .5896 .5493(17) .7495( 8) 01234 
21 5 5 4 .3750 .6942 .6529( 	9) .7999( 2) 04123 
22 6 4 2 .2202 .6109 .5113(15) .7615( 6) 03124 
22 5 5 3 .3750 .7101 .6698(11) .8C93( 4) 01423 
23 6 4 1 .2310 .6306 .5923(15) .7724( 6) 01342 
23 5 5 2 .375C .7247 .6658UH .8179( 4) 01243 
24 6 A 0 .2835 .501 .6134( 	8) .76261 1) 01234 
24 5 5 1 .4CCO .7380 .7C07( 	6) .8259( 2) 01234 
25 7 4 3 .2209 .5863 .5526(14) .7486( 7) 01234 
25 5 5 0 .50CC .75CC .7143( 	0) .8333( 0) 01234 
26 7 4 2 .2240 .6038 .5106(13) .7591( 5) 01423 
26 6 5 4 .2943 .68C3 .6447(11) .7997( 5) 01452 
27 7 4 1 . 2 5 C C .62C7 .5283(12) .7690( 4) 01245 
27 6 5 3 .3161 .6940 .6592(12) .8072( 5) 01245 
28 7 4 0 .3232 .6364 .6C5C( 	5) .7178( 0) 01234 
28 6 5 2 .3346 .7063 .6724( 	9) .8144( 4) 01234 
29 8 4 3 .1785 .5119 .5414(17) .7490( 7) 04123 
29 6 5 1 .3382 .7174 .6844( 	8) .6213( 2) 01243 
30 8 4 2 .1842 .5887 .5589(16) .7579( 5) 01452 
30 6 5 C .4CCO .726C .6962( 	4) .8276( 0) 0134 
31 8 4 1 .2128 .6054 .5764(15) .7665( 5) 01245 
31 7 5 4 .2474 .6683 .6367(14) .7996( 6) 01245 
31 6 6 5 .40CC •7376 .7C62( 	6) .8333( 1) 05123 
32 8 4 0 .250C .206 .5924( 	8) .77421 1) 01234 
32 7 5 3 .2686 .8C6 .6497(11) .8061( 5) 01234 
32 6 6 4 .4000 .7461 .7158( 	8) .8386( 3) 01523 
33 9 4 3 .2116 .5715 .5449(16) .7499( 7) 04512 
33 7 5 2 .2670 .6912 .6610(10) .81231 4) 01423 
33 6 6 3 .4CCO .7552 .7251( 	8) .8't36( 3) 0125,3 
34 9 4 2 .2127 .5846 .5583(16) .7576( 7) 01456 
34 7 5 1 -2796 .7015 .6721(10) .8181( 3) 01245 
34 6 6 2 .4CCO .7632 .7339( 	8) .8484( 3) 01235 
35 9 4 1 .2087 .5973 .5715(15) .1646( 5) 01245 
35 7 5 0 .3198 .7115 .6829( 	5) .8235( 1) 01234 
35 6 6 1 .4167 .1707 .7422( 	4) .8528( 1) 01234 
36 9 4 0 .25C0 .6101 .5248( 	7) .7714( 1) 01234 
36 8 5 4 .2388 .6612 .6333(14) .1992( 5) 01235 
36 6 6 0 .50CC .7778 .7500( 	0) .8571( 0) 01234 
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V S K P E(MIN) E E(0) Em CONTROLS 
37 10 4 3 .1560 .5618 .5375(18) .7491( 7) 01562 
37 8 5 3 .2471 .6722 .6450(11) .8049( 4) 01234 
31 7 6 5 .3249 .7285 .7CC7( 	8) .8332( 3) 01562 
38 10 4 2 .1686 .576C .5522(18) .1563( 6) 01256 
38 8 5 2 .2536 .682C .6553(10) .8104( 3) 01253 
38 7 6 4 .3349 .7364 .7C91( 	9) .8376( 3) 01256 
39 10 4 1 .1962 .5899 .5666(16) .763C( 5) 01235 
39 8 5 1 .2763 .6915 .6654( 	9) .8157( 3) 01235 
39 7 6 3 .3519 .7438 .7171( 	9) .8419( 3) 01235 
40 10 4 0 .2314 .6024 .5796( 	8) .7692( 1) 01234 
40 8 5 0 .3268 .7004 .6750( 	5) .82C5( 1) 01234 
40 7 6 2 .3597 .7508 .7246( 	7) .860( 3) 01234 
41 11 4 3 .1347 .5555 .5332(2(J) .7491( 7) 01567 
41 9 5 4 .2238 .6555 .63C6(14) .7991( 5) 01234 
41 7 6 1 .3652 .7574 .7317( 	6) .8499( 2) 01235 
42 11 4 2 .1496 .5702 .5485(19) .7557( 5) 01256 
42 9 5 3 .2254 .6653 .6408(11) .8042( 4) 01234 
42 7 6 0 .4167 .7637 .7386( 	3) .8537( 0) 01234 
43 11 4 1 .1793 .5846 .5634(17) .7617( 5) 01235 
43 9 5 2 .2389 .6741 .6501(10) .80921 4) 01236 
43 8 6 5 .2743 .72C5 .6555(10) .8331( 4) 01256 
43 7 7 6 .4167 .7696 .7448( 	5) .8511( 1) 06123 
44 11 4 0 .2295 .913 .5766( 	8) .7674( 1) 01234 
44 9 5 1 .2652 .6827 .6591(10) .8139( 3) 01234 
44 8 6 4 .2944 .7278 .7C33(10) .8370( 4) 01235 
44 7 7 5 .4167 .7752 .7509( 	6) .8604( 2) 01623 
45 12 4 3 .2207 .5672 .5478(14) .7495( 6) 01237 
45 9 5 0 .3000 .6906 .6676( 	5) .8182( 1) 01234 
45 8 6 3 .30CC .7345 .7104( 	8) .84C1( 3) 01234 
45 7 7 4 .4 161 .78C6 .7567( 	6) .8636( 2) 01263 
46 12 4 2 .2196 .5164 .5572(15) .7554( 7) 01234 
46 10 5 4 .1981 .6501 .6275(12) .7991( 5) 01234 
46 8 6 2 .3015 .7408 .7171( 	7) .8443( 3) 0123 
*6 7 7 3 .4167 .7858 .7623( 	6) .8666( 2) 01236 
47 12 4 1 .2193 .5854 .5664(15) .16C8( 4) 01234 
47 10 5 3 .2024 .6590 .6368(12) .8038( 4) 01263 
47 8 6 1 .3139 .7468 .7236( 	7) .8478( 2) 01235 
47 7 7 2 .4167 .7908 .7677( 	6) .8695( 2) 01234 
48 12 4 0 .25CC .5942 .5754( 	8) .7660( 1) 01234 
48 10 5 2 .2167 .6677 .6459(11) .8082( 4) 01236 
48 8 6 0 .3460 .7527 .73CC( 	4) .8511( 0) 01234 
48 7 7 1 .4286 .7955 .7728( 	3) .8723( 1) 01234 
49 13 4 3 .1901 .5649 .5470(11) .74961 5) 01234 
49 10 5 1 .2420 .8761 .6547(10) .8124( 3) 01234 
49 9 6 5 .2503 .7144 .6518(11) .8329( 4) 01236 
49 7 7 0 .5000 .8CCC .7778( 	0) .8750( 0) 01234 
50 13 4 2 .2CC9 .5743 .5566(11) .7549( 5) 01234 
50 10 5 0 .2351 .6839 .6630( 	5) .8163( 1) 01234 
50 9 6 4 .2718 .7213 .6591( 	8) .8363( 3) 01234 
50 8 7 6 .3487 .1633 .7411( 	6) .8571( 2) 01672 
51 13 4 1 .2121 .5835 .5680(10) .7599( 3) 01234 
51 11 5 4 .2409 .6525 .6324(10) .7994( 4) 01234 
51 9 6 3 .2720 .7275 .7C57( 	8) .8397( 3) 01234 
51 8 7 5 .3539 .7683 .7464( 	7) .8599( 2) 01267 
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V S K P E(MIN) 	E 	E(0) 	E1 	 CONTROLS 
52 13 4 0 .2835 .5925 .57531 3) .7647( 0) 01234 
52 11 5 3 .2438 .6596 .6397( 9) .8C35( 3) 01237 
52 9 6 2 .2799 .7334 .7119( 7) .8430( 2) 01236 
52 8 1 4 .3620 .7131 .7515( 7) .8626( 2) 01236 
53 14 4 3 .1855 .5604 .5437(13) .7498( 6) 01267 
53 11 5 2 .2563 .6665 .6469( 9) .8075( 3) 01234 
53 9 6 1 .2998 .7391 .7180( 7) .8461( 2) 01234 
53 8 7 3 .316C .7777 .7565( 7) .8653( 2) 01234 
54 14 4 2 .1844 .5695 .5530(11) .7545( 5) 01236 
54 11 5 1 .2697 .6732 .6539( 9) .8113( 3) 01234 
54 9 6 C .3359 .7445 .7239( 4) .8491( 0) 01234 
54 8 7 2 .3783 .7821 .7612( 5) .8679( 2) 01234 
55 14 4 1 .1999 .5782 .5618(11) .7592( 3) 01234 
55 11 5 0 .3268 .6796 .66C6( 4) .8148( 0) 01234 
55 10 6 5 .2205 .7126 .6924U0. .8331( 4) 01234 
55 8 7 1 .3644 .7863 .7658( 4) .8704( 1) 01234 
56 14 4 0 .25CC .5866 .57C4( 4) .7636( 0) 01234 
56 12 5 4 .219C .6490 .63C5(11) .7995( 4) 01273 
56 10 6 4 .2885 .7181 .6562( 8) .8361( 3) 01234 
56 8 7 0 .4286 .7904 .7702( 2) .8721( 0) 01234 
51 15 4 3 .1647 .5574 .5417(12) .7491( 5) 01237 
57 12 5 3 .2245 .6554 .6371(10) .8032( 3) 01237 
57 10 6 3 .2896 .7233 .7C36( 2) .8392(  01263 
57 9 7 6 .2981 .7578 .7376( 8) .8571( 3) 01267 
57 8 8 7 .4286 .7943 .7743( 4) .8750( 1) 07123 
58 15 4 2 .1771 .5658 .55C3(11) .7542( 5) 01234 
58 12 5 2 .2391 .611 .6436( 9) .8C69( 3) 01234 
58 10 6 2 .2983 .7283 .7C88( 7) .8421( 3) 01236 
58 9 7 5 .3103 .7624 .7425( 7) .8595( 3) 01236 
58 8 8 6 .4286 .7981 .7783( 5) .8772( 2) 01723 
59 15 4 1 .1952 .5740 .5586(11) .7586( 3) 01234 
59 12 5 1 .2591 .6677 .6499( 9) .81C3( 3) 01234 
59 10 6 1 .3067 .7331 .7139( 7) .8448( 2) 01234 
59 9 7 4 .3267 .7668 .7472( 7) .8620( 3) 01234 
59 8 8 5 .4286 .C11 .7822( 5) .8793( 2) 01273 
60 15 4 C .25CC .5818 .5667( 4) .7627( 0) 01234 
60 12 5 C .30CC .6735 .6559( 5) .8136( 1) 01234 
60 10 6 0 .32C9 .1379 .715C( 4) .8475( 0) 01234 
60 9 7 3 .3241 .771C .7516( 6) .8643( 2) 01234 
60 8 8 4 .4286 .8052 .786C( 5) .8814( 2) 01237 
61 13 5 4 .1962 .6445 .6272(12) .7996( 5) 01278 
61 11 6 5 .220 .7102 .6919( 9) .8330( 3) 01234 
61 9 7 2 .3276 .775C .7559( 5) .8666( 2) 01236 
61 8 8 3 .4286 .2086 .7€97( 5) .8834( 2) 01234 
62 13 5 3 .2C24 .6506 .6337(11) .8030( 3) C1237 
62 11 6 4 .2940 .7151 .6969( 8) .8358( 3) 01234 
62 9 7 1 .3392 .7789 .76CI( 5) .8689( 1) 01234 
62 8 8 2 .4286 .6119 .7933( 5) .8853( 2) 01234 
63 13 5 2 .2174 .6570 .64C1(11) .8063( 3) 01234 
63 11 6 3 .2925 .7198 .7C18( 7) .8385( 3) 01237 
63 9 1 0 .3658 .7821 .7642( 3) .8710( 0) 01234 
63 8 8 1 .4375 .8151 .7968( 3) .8812( 1) 01234 
64 13 5 1 .2366 .6630 .6463(10) .8C95( 3) 01234 
64 11 6 2 .2948 .7244 .7C67( 6) .8412(  01234 
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V S K P E(MIN) 	E 	E(0) 	E(1) 
	
CCNTRCLS 
64 10 7 6 .2671 .7531 .7346( 8) .8569(  01237 
64 8 8 0 .5C00 .8182 .8CCO( 0) .8889( 0) 01234 
65 13 5 0 .2718 .6687 .6523( 6) .8125( 1) 01234 
65 11 6 1 .3081 .7289 .7114( 6) .0438( 2) 01234 
65 10 7 5 .2844 .7575 .7393( 8) .8592( 3) 01234 
65 9 8 7 .3673 .7898 .7716( 5) .8750( 2) 01782 
66 14 5 4 .1966 .643C .6270(11) .796( 4) 01234 
66 11 6 0 .3557 .7333 .7160( 3) .8462( 0) 01234 
66 10 7 4 .2925 .7617 .7437( 7) .8614( 2) 01234 
66 9 8 6 .3702 .7932 .7152( 5) .8769( 2) 01278 
67 14 5 3 .2061 .6487 .6328(11) .8028( 3) 01234 
67 12 6 5 .2432 .7055 .6884(10) .329( 5) 01234 
67 10 7 3 .2942 .7656 .7479( 6) .8635( 2) 01234 
67 9 8 5 .3746 .7964 .7787( 5) .8788( 2) 01237 
68 14 5 2 .2213 .6542 .6385(11) .8059( 3) 01234 
68 12 6 4 .2446 .7103 .6934( 8) .8355( 3) 01234 
68 10 7 2 .3C22 .7694 .7519( 5) .8656( 2) 01234 
68 9 8 4 .3815 .7996 .7821( 5) .8806( 2) 01234 
69 14 5 1 .2428 .6596 .644C(10) .8088( 3) 01234 
69 12 6 3 .2503 .7149 .6ce2( 8) .8380( 2) 01234 
69 10 7 1 .3192 .7731 .7559( 5) .8677( 1) 01234 
69 9 8 3 .3933 .8027 .7854( 5) .8823( 2) 01234 
70 14 5 0 .2614 .6647 .6493( 6) .8116( 1) 01234 
70 12 6 2 .2628 .7195 .7C30( 8) .8405( 2) 01234 
10 10 7 0 .3465 .7767 .7597( 3) .696( 0) 01234 
70 9 8 2 .3927 .6057 .7286( 4) .8840( 1) 01234 
71 15 5 4 .1828 .64CC .6250(12) .7996( 4) 01234 
71 12 6 1 .2180 .7239 .7C76( 7) .8429( 2) 01234 
11 11 7 6 .2854 .7512 .7344( 8) .8570( 3) 0i234 
71 9 8 1 .3989 .8085 .7917( 4) .8857( 1) 01234 
72 15 5 3 .1922 .6457 .6308(12) .8026( 3) 01234 
72 12 6 0 .3137 .7282 .7121( 4) .8451( 0) 01234 
72 11 7 5 .2991 .7550 .7384( 8) .8590! 3) 01234 
72 9 8 0 .4375 .8114 .7947( 2) .8873( 0) 01234 
73 15 5 2 .2C84 .6512 .6365(11) .8055( 3) 01234 
73 13 6 5 .249C .704U .6682(10) .8331( 4) 01234 
73 11 7 4 .2985 .7586 .7422! 6) .8610( 2) 01234 
73 10 8 7 .3186 .7858 .7692( 6) .8750( 2) 01278 
73 9 9 8 .4375 .8141 .7975( 3) .8889( 1) 08123 
74 15 5 1 .2275 .6566 .6420(11) .8082( 3) 01234 
74 13 6 4 .2495 .7083 .6927( 8) .8354( 3) 01234 
74 11 7 3 .3013 .762C .7458( 6) .8630( 2) 01237 
74 10 8 6 .3262 .7e89 .7725( 6) .8167( 2) 01237 
14 9 9 7 .4375 .8167 .8Cu3( 4) .8904( 1) 01823 
75 15 5 0 .26C3 .6617 .6473( 6) .8108( 1) 01234 
75 13 6 3 .2543 .7124 .6969( 8) .8377( 3) 01234 75 
11 7 2 .3C97 .7654 .7493( 6) .8649( 2) 01234 
75 10 8 5 .3366 .792C .7757( 6) .8183( 2) 01234 
75 9 9 6 .4375 .8193 .8C31( 4) .6919( 1) 01283 
76 13 6 2 .2638 .7164 .7CII( 7) .8400( 2) 01234 
76 11 7 1 .3205 .7687 .7528( 5) .8667( 1) 01234 
76 10 8 4 .3451 .7945 .7788( 6) .8800C 2) 01234 
76 9 9 5 .4375 .8218 .8057( 4) .8933( 1) 01238 
77 13 6 1 .2795 .7203 .7C52( 7) .84211  01234 
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17 11 7 0 •345, .7719 .7562( 3) .8685( 0) 01234 
77 10 8 3 .3'i43 .7977 .7818( 4) •8816( 2) 01234 
77 9 9 4 .4375 .8242 .8084( 4) .8947( 1) 01234 
78 13 6 0 .3081 .7241 .7C91( 4) .8442( 0) 01234 
78 12 1 6 .291' .7490 .7336( 7) .8570( 2) 01234 
78 10 8 2 .3478 .8004 .7647( 4) .8831( 1) 01234 
78 9 9 3 .4375 .2266 .8109( 4) .8961( 1) 01234 
79 14 6 5 .2385 .7C22 .6875(10) .8330( 4) 01234 
79 12 7 5 .3026 .7524 .7371( 7) .8588( 2) 01234 
79 10 8 1 .3585 .8031 .7876( 4) .8847( 1) 01234 
79 9 9 2 .4375 .8289 .8134( 4) .8974( 1) 01234 
80 14 6 4 .2406 .7062 .617( 8) .8352( 3) 01234 
80 12 7 4 .3027 .7556 .7405( 6) .8607( 2) 01234 
80 10 8 0 .3811 .8057 .79C4( 2) .8861( 0) 01234 
80 9 9 1 .4444 .8311 .8158( 2) .8987( 1) 01234 
81 14 6 3 .2475 .7101 .6957( 8) .8374( 3) 01234 
81 12 7 3 .3050 .7588 .7437( 6) .8624( 2) 01234 
81 11 8 7 .2846 .7823 .7670( 6) .8749( 2) 01238 
81 9 9 0 .5CCC .2333 .8182( C) .9CC01 0) 01234 
82 14 6 2 .2583 .7136 .6996( 8) .8395( 2) 01234 
82 12 7 2 .3103 .7618 .7470( 5) .8642( 2) 01234 
82 11 8 6 .2960 .7853 .7701( 6) .8764( 2) 01234 
82 10 9 8 .3821 .8107 .7956( 4) .8889( 1) 01892 
83 14 6 1 .2765 .7175 .7C34( 7) .8415( 2) 01234 
83 12 7 1 .3236 .7649 .75C2( 5) .8659( 1) 01234 
83 11 8 5 .31C7 .7882 .7732( 6) .8780( 2) 01234 
83 10 9 7 .3838 .131 .7901( 4) .8903( 1) 01289 
84 14 6 0 .3C12 .7211 .7C71( 4) .8434( 0) 01234 
84 12 7 0 .3571 .7616 .7533( 3) .8676( 0) 01234 
84 11 8 4 .3109 .7909 .7761( 5) .8794( 2) 01234 
84 10 9 6 .3864 .8154 .8CC6( 4) .8916( 1) 01238 
85 15 6 5 .2275 .7003 .6667( 9) .8330( 3) 01234 
85 13 7 6 .2767 .7464 .7321( 7) .8569( 3) 01234 
85 11 8 3 .3134 .7936 .7789( 5) .8809( 2) 01234 
85 10 9 5 .3902 .8177 .C301 4) .8929( 1) 01234 
86 15 6 4 .2308 .70'i2 .6907( 8) .8351( 3) 01234 
86 13 7 5 .2779 .7496 .7354( 7) .8586( 2) 01234 
86 11 2 2 .3230 .7962 .7616( 4) .88261 1) 01234 
86 10 9 4 .3962 .8199 .8C54( 4) .8941( 1) 01234 
87 15 6 3 .2383 .7079 .6946( 8) .8371( 3) 01234 
87 13 7 4 .2791 .7526 .7326( 6) .8603( 2) 01234 
81 11 8 1 .3356 .7987 .7643( 4) .8838( 1) 01234 
87 10 9 3 .4048 .8221 .8C77( 4) .8954( 1) 01234 
88 15 6 2 .2493 .7116 .6984( 8) .8391( 2) 01234 
68 13 1 3 .2839 .7556 .7417( 6) .8620( 2) 01234 
88 11 8 C .3571 .8012 .7270( 2) .8851( 0) 01234 
88 10 9 2 .4040 .8242 .81CC( 3) .8966( 1) 01234 
89 15 6 1 .2676 .7152 .7C22( 7) .8409( 2) 01234 
89 13 7 2 .2931 .7585 .7448( 6) .8636( 2) 01234 
89 12 8 7 .3121 .78C9 .7669( 6) .875C( 2) 01234 
89 10 9 1 .4101 .6263 .8122( 3) .8978( 1) 01234 
90 15 6 0 .2988 .7187 .7C58( 4) .8427( 0) 01234 
90 13 7 1 .3C84 .7614 .7478( 5) .8652( 1) 01234 
90 12 8 6 .3163 .7835 .7696( 6) .8764( 2) 01234 
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90 10 9 0 .4444 .8283 .8144( 2) .8989( 0) 01234 
91 13 7 0 .3355 .7642 .7507( 3) .8667( 0) 01234 
91 12 8 5 .3247 .7860 .7723( 6) .8777( 2) 01234 
91 11 9 8 .3359 .8017 .7939( 5) .8889( 1) 01289 
91 10 10 9 .4444 .8303 .8165( 2) .9C01( 1) 09123 
92 14 7 6 .2518 .7437 .7304( 7) .8569( 3) 01234 
92 12 8 4 .3299 .7884 .7748( 6) .8791( 2) 01234 
92 11 9 7 .3409 .81CC .7962( 5) .8901( 2) 01238 
92 10 10 8 .4444 .8322 .8185( 3) .9012( 1) 01923 
93 14 1 5 .2523 .7461 .7336( 7) .8585( 2) 01234 
93 12 8 3 .3405 .7908 .7774( 5) .8804( 2) 01234 
93 ii. 9 6 .3475 .8121 .7986( 5) .8913( 1) 01234 
93 10 10 7 .4444 .8341 .8205( 3) .9023( 1) 01293 
94 14 7 4 .2545 .7491 .7366( 6) .0601( 2) 01234 
94 12 8 2 .3498 .7931 .7798( 5) .8817( 2) 01234 
94 11 9 5 .3565 .8142 .8CC8( 5) .89251 1) 01234 
94 10 10 6 .4444 .8359 .8225( 3) .9C33( 1) 01239 
95 14 7 3 .2601 .7526 .7397( 6) .8616( 2) 01234 
95 12 8 1 .3535 .7954 .7822( 4) .8830( 1) 01234 
95 11 9 4 .3602 .8163 .8C30( 4) .8936( 1) 01234 
95 10 10 5 .4444 .8377 .8244( 3) .9044( 1) 01234 
96 14 7 2 .2698 .7555 .7427( 6) .8632( 2) 01234 
96 12 8 0 .3750 .7976 .7846( 2) .8843( 0) 01234 
96 11 9 3 .3601 .8183 .8C52( 4) .8948( 1) 01234 
96 10 1C 4 .4444 .395 .8263( 3) .9054( 1) 01234 
97 14 7 1 .2847 .7583 .7457( 6) .8646( 2) 01234 
97 13 8 7 .2961 .7785 .7656( 6) .8749( 2) 01234 
97 11 9 2 .3638 .8203 .8C72( 3) .8959( 1) 01234 
97 10 10 3 .4444 .2L.12 .8282( 3) .9063( 1) 01234 
98 14 7 0 .3077 .7610 .7486( 4) .8660( 1) 01234 
98 13 8 6 .3074 .7809 .7682( 6) .8762( 2) 01234 
98 11 9 1 .3738 .8222 .8C93( 3) .8570( 1) 01234 
98 10 IC 2 .4444 .8429 .8300( 3) .9C73( 1) 01234 
99 15 7 6 .2928 .744C .7318( 7) .8570( 3) 01234 
99 13 8 5 .3111 .7833 .7707( 5) .8775( 2) 01234 
99 11 9 0 .3934 .8241 .8113( 2) .8981( 0) 01234 
99 LU IC 1 .45CC) .8445 .8318( 2) .9083( 1) 01234 
100 15 7 5 .2982 .1467 .7346( 7) .e585( 2) 01234 
100 13 8 4 .3121 .7856 .7131( 5) .8788( 2) 01234 
100 12 9 8 .3284 .8056 .7930( 5) .8889( 2) 01239 
100 10 10 0 .5C00 .8462 .8333( 0) .9091( 0) 01234 
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TABLE 8.2 
PROPERTIES OF (0,1)-DESIGNS , R=3 , 13V100 
V S K P EtMIN) 	[ E(0) E( 1) CONTROLS 
13 4 4 3 .5556 .7073 .6566( 6) .7498( 4) 0132 
14 4 4 2 .5556 .731C .6824( 7) .7686( 4) 0123 
15 4 4 1 .5833 .7515 .7C63( 4) .7851( 4) 1023 
16 4 4 0 .6667 .7692 .7273( 0) .8CCO( 0) 0123 
17 5 4 3 .4630 .6934 .65C9(10) .7501( 8) 01243 
18 5 4 2 .4759 .7125 .6720( 9) .7645( 7) 10234 
19 5 4 1 .5145 .7296 .613( 5) .7774( 5) 12034 
20 5 4 0 .5833 .7441 .7C85( 1) .7895( 2) 01234 
21 6 4 3 .4015 .682C .6453(12) .7499( 8) 01524 
21 5 5 4 .5833 .7578 .7219( 4) .8CCO( 4) 01423 
22 6 4t 2 .174 .6985 .6633( 8) .7617( 8) 01253 
22 5 5 3 .5833 .7698 .7349( 5) .8C93( 6) 01243 
23 6 4 1 .4213 .7129 .6793( 7) .7124( 6) 01234 
23 5 5 2 .5833 .7808 .7472( 5) .8179( 6) 10234 
24 6 4 0 .4625 .7265 .6545( 2) .7826( 3) 01234 
24 5 5 1 .6CCU .79C8 .7587( 2) .8259( 3) 12034 
25 7 4 3 .4314 .683C .6543( 9) .7499( 8) 01562 
25 5 5 0 .6667 .8000 .7692( 0) .8333( 0) 01234 
26 7 4 2 .4446 .6960 .6680( 9) .798( 6) 01245 
26 6 5 4 .4693 .7488 .7174( 7) .7999( 5) 05142 
27 7 4 1 .4728 .7C719 .6809( 6) .7691( 5) 01253 
27 6 5 3 .4913 .7587 .7282( 7) .8075( 6) 01524 
28 7 4 0 .5114 .1190 .6S28( 1) .7778( 1) 01234 
28 6 5 2 .4932 .7679 .7382( 6) .8145( 5) 01253 
29 8 4 3 .4213 .6776 .6523(10) .749( 7) 34125 
29 6 5 1 .5003 .7764 .7416( 5) .8213( 4) 01234 
30 8 4 2 .4261 .69C .6643( 9) .7583( 7) 34501 
30 6 5 0 .5333 .7843 .7565( 3) .8276( 1) 01234 
31 8 1 .4308 .6996 .67561 1) .7665( 5) 13456 
31 7 5 4 .4525 .7429 .7157( 8) .7998( 5) 05612 
32 8 4 0 .431C .1C95 .6861( 3) .7742( 2) 01234 
32 7 5 3 .4662 .7516 .7252( 7) .8062( 6) 01562 
33 9 4 3 .4C06 .6761 .6541(10) .7494( 6) 01234 
33 7 5 2 .4717 .7598 .1340( 7) .8123( 4) 01245 
34 9 4 2 .4253 .6864 .6649( 8) .7512( 4) 03612 
34 1 5 1 .4894 .7675 .1425( 5) .181( 4) 01253 
35 9 4 1 .4403 .696C .6751( 6) .7646( 2) 01346 
35 7 5 0 .5333 •7747 .75C4( 2) .8235( 1) 01234 
36 9 4 0 ..SCCC .7052 .6€49( 2) .7714( 1) 01234 
36 8 5 4 .4133 .7386 .7147( 8) .7997( 6) 01234 
37 10 4 3 .3559 .6713 .6510(12) .7499( 6) 01234 
37 8 5 3 .4293 .7465 .7232( 1) .8052( 6) 10234 
31 7 6 5 .5333 .1815 .7639( 5) .8333( 3) 01263 
38 10 4 2 .3736 .6ec9 .6611(11) .7566( 5) 01472 
38 8 5 2 .4449 .7539 .7312( 7) ..IC6( 5) 12503 
38 7 6 4 .54C5 .7934 .77C2( 5) .8378( 4) 10236 
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V S K P E(MIN) 
	
E 	[(C) 	EU) 
	
(U NT R CL S 
39 10 4 1 .3996 .6898 .67C6( 7) .7631( 3) 01245 
39 8 5 1 .4591 .7608 .?387( 6) .8157( 4) 12356 
39 7 6 3 .5459 .7991 .7764( 5) .8421( 4) 12034 
40 10 4 0 . 1 310 .6982 .6794( 2) .7692( 1) 01234 
40 8 5 0 .4866 .1673 .7458( 3) .8205( 1) 01234 
40 7 6 2 .5497 .8044 .7€23( 4) .8461( 3) 12304 
41 11 4 3 .3538 .6680 .6494(12) .7500( 5) 01523 
41 9 5 4 .4537 .7375 .7169( 7) .7996( 6) 43567 
41 7 6 1 .5673 .eo95 .7879( 3) .8499( 2) 12340 
42 11 4 2 .3719 .6766 .6584(11) .7560( 5) 01256 
42 9 5 3 .4591 .144C .7237( 7) .8046( 6) 45036 
42 7 6 0 .6111 .8143 .7933( 1) .8537( 1) 01234 
43 11 4 1 .3840 .6847 .6669( 7) .7618( 3) 01235 
43 9 5 2 .4684 .7501 .73U2( 7) .8094( 5) 04561 
63 8 6 5 .4877 .7841 .7634( 6) .8333( 4) 01236 
43 1 7 6 .6111 .8168 .7581( 2) .8572( 2) 01623 
44 11 4 C .4CC7 .6923 .6749( 3) .7674( 1) 01234 
44 9 5 1 .471C .756C .7364( 5) .8139( 4) 01456 
44 8 6 4 .5CCO .7893 .7690( 6) .8311( 4) 10234 
44 7 7 5 .6111 .8231 .8127( 3) .8605( 3) 01263 
45 12 4 3 .3634 .6651 .6478(12) .7500( 6) 01234 
45 9 5 0 .4816 .7615 .7423( 3) .8182( 2) 01234 
45 8 6 3 .5CCO .7943 .7744( 6) .8408( 4) 1203'1 
45 7 7 4 .6111 .8273 .8C72( 3) .8636( 3) 10236 
46 12 4 2 .3695 .6726 .6559(10) .7555( 4) 01236 
46 10 5 4 .4083 .7339 .7151( 7) .7998( 6) 01235 
46 8 6 2 .5122 .799C .7795( 6) .8444( 3) 12304 
46 7 7 3 .6111 .8312 .8115( 3) .8666( 3) 12034 
47 12 4 1 .3824 .6802 .6637( 7) .7608( 3) 01234 
47 10 5 3 .4196 .74C2 .7217( 7) .8042( 5) 01234 
47 8 6 1 .5307 .8036 .7€45( 4) .8478( 3) 12346 
47 7 7 2 .6111 .8350 .8157( 3) .8695( 3) 12304 
48 12 4 0 .3970 .6873 .6710( 34% .7660( 1) 01234 
48 10 5 2 .6313 •7'i6l .7280( 7) .8084( 5) 01253 
48 8 6 0 .5556 .8079 .7892( 2) .8511( 1) 01234 
48 7 7 1 .6190 .8386 .8197( 1) .8723( 1) 12360 
49 13 4 3 .3138 .6619 .6'158(11) .7497( 5) 01267 
49 10 5 1 .4525 .7517 .7240( 5) .8124( 4) 01235 
49 9 6 5 .4660 .7814 .7629( 6) .8335( 4) 12034 
49 7 7 0 .6661 .8421 .8235( 0) .8750( 0) 01234 
50 13 4 2 .3293 .6692 .6534( 9) .7550( 7) 01236 
50 10 5 0 .4849 .7572 .7398( 2) .8163( 2) 01234 
50 9 6 4 .4759 .786C .7679( 6) .8368( 4) 12304 
50 8 7 6 .5555 .8151 .7965( 4) .e572( 3) 01236 
51 13 4 1 .3513 .6761 .6606( 8) .7599( 3) 01234 
51 11 5 4 .3879 .7306 .7131( 9) .7999( 5) 06157 
51 9 6 3 .4839 .7905 .7726( 5) .8401( 4) 12340 
51 8 7 5 .5555 .8189 .8CC6( 4) .86C(i 3) 02134 
52 13 4 0 .3744 .6828 .6676( 4) .7647( 1) 01234 
52 11 5 3 .3909 .1364 .7192( 9) .8039( 5) 01672 
52 9 6 2 .4925 .7947 .7772( 4) .8431( 4) 12345 
52 8 7 4 .5555 .8225 .8C46( 4) .8627( 3) 01234 
53 14 4 3 .3132 .6589 .6437(11) .7501( 6) 01234 
53 11 5 2 .4C30 .742C .7252( 8) .8C76( 4) 01267 
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CaNT RCL S 
53 9 6 1 .5C47 .7988 .7816( 4) .8461( 3) 12345 
53 8 7 3 .56C0 .8261 .8C84( 4) .8653( 3) 20134 
54 14 4 2 .3230 .6659 .6510(10) .7547( 5) 01234 
54 11 5 1 .4212 .7474 .7311( 6) .8113( 3) 01236 
54 9 6 0 .5260 .8027 .7E58( 2) .8491( 1) 01234 
54 8 7 2 .5680 .8294 .8121( 3) .8679( 2) 23014 
55 14 £ 1 .3403 .6125 .6579( 8) .7592( 3) 01234 
55 11 5 0 .4472 .7525 .7366( 3) .8148( 2) 01234 
55 10 6 5 .4606 .7188 .7621( 6) .8332( 4) 04678 
55 8 7 1 .5819 .8327 .8156( 2) .87c4( 2) 02346 
56 14 If 0 .3589 .6766 .6644( 4) .7636( 1) 01234 
56 12 5 4 .3922 .7296 .7137( 8) .7599( 5) 01234 
56 tO 6 4 .4668 .783C .7666( 6) .8363( 4) 01456 
56 8 7 0 .6190 .8358 .8191( 1) .8728( 0) 01234 
51 15 4 3 .3355 .6585 .6445( 9) .7499( 6) 01237 
57 12 5 3 .3965 .7346 .7192( 6) .8035( 5) 01234 
51 10 6 3 .4740 .7870 .77C9( 5) .392( 4) 06124 
57 9 7 6 .5297 .613C .79€6( 4) .6571( 3) 20134 
57 8 8 7 .6190 .8388 .8222( 2) .8750( 1) 02613 
58 15 4 2 .3451 .6641 .65C9( 8) .7543( 4) 01234 
58 12 5 2 .4C36 .7398 .7245( 8) .8070( 4) 01234 
58 10 6 2 .4887 .7909 .7750( 4) .8421( 3) 01612 
58 9 7 5 .5369 .8162 .8CCO( 4) .8596( 3) 02314 
58 8 8 6 .619C .8417 .8253( 3) .8772( 2) 01236 
59 15 4 1 .3580 .6707 .6571( 6) .7586( 3) 01234 
59 12 5 1 .4129 .7147 .72971 6) .81031  01234 
59 10 6 1 .4988 .7947 .7790( 4) .8448( 3) 01246 
59 9 7 4 .5450 .8194 .8C33( 3) .8620( 3) 01234 
59 8 8 5 .6190 .8445 .8284( 3) .8793( 2) 02134 
60 15 4 C .3849 .6765 .6631( 3) .7627( 1) 01234 
60 12 5 0 .257 .7493 .7345( 3) .8136( 1) 01234 
60 10 6 0 .5212 .7983 .7629( 2) .8475( 1) 01234 
60 9 7 3 .5436 .8224 .8C65( 3) .8643( 2) 20134 
60 8 8 4 .6190 .8472 .8313( 3) .8814( 2) 01234 
61 13 5 4 .4154 .7295 .7151( 7) .7999( 6) 01234 
61 11 6 5 .4705 .7175 .7624( 5) .8334( 4) 23014 
61 9 7 2 .5432 .8252 .8096( 3) .8667( 2) 23601 
61 8 8 3 .6190 .8492 .8342( 3) .8833( 2) 20134 
62 13 5 3 .4068 .7341 .7199( 1) .8032( 5) 01234 
62 11 6 4 .4795 .7812 .7663( 5) .8361( 4) 23401 
62 9 1 1 .5469 .8280 .8125( 3) .8689( 2) 02346 
62 8 8 2 .6190 .8523 .8369( 2) .6853( 1) 23014 
63 13 5 2 .4183 .7386 .7246( 7) .8064( 4) 01234 
63 11 6 3 .4821 .7847 .77C0( 5) .8387( 3) 23450 
63 9 1 u .5714 .8308 .8155( 2) .8710( 1) 01234 
63 8 8 1 .625C .8548 .8396( 1) .8872( 1) 02346 
64 13 5 1 .4265 .7429 .1292( 5) .80951 3) 01234 
64 11 6 2 .4845 .7882 .7736( 4) .8413 3) 23456 
64 10 7 6 .4414 .8093 .7939( 5) .8571( 3) 07891 
64 8 8 0 .6667 .8571 .8421( C) .8889( 0) 01234 
65 13 5 0 .4509 .7471 .7336( 3) .8125( 1) 01234 
65 11 6 1 .4921 .7915 .7771( 4) .8438( 3) 02345 
65 10 7 5 .4531 .8125 .7974( 5) .8594( 3) 01189 
65 9 6 7 .5714 .8362 .8212( 3) .8751(  01283 
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V S K P E(MIN) 	E 	E(0) 	Eli) 	 CONTROLS 
66 14 5 4 .3965 .7273 .7138(10) .8C00( 4) 01234 
66 11 6 0 .50 118 .791.7 .78C5( 2) .8462( 1) 01234 
66 10 7 4 .4585 .8156 .8CC7( 4) .8615( 3) 01278 
66 9 8 6 .5714 .8387 .8239( 3) .8710( 2) 10238 
61 14 5 3 .4040 .7317 .7183( 9) .8030( 4) 012311) 
67 12 6 5 .4294 .7749 .76C8( 6) .8335( 4) 01234 
67 10 7 3 .1.655 .8186 .8C39( 4) .8636( 3) 01236 
67 9 8 5 .5114 .8412 .8266( 3) .8788( 2) 12034 
68 14 5 2 .4105 .7358 .7227( 7) .8060( 3) 01234 
68 12 6 4 .1.405 .7184 .76 16( 6) .8360( 4) 01234 
68 10 1 2 .4739 .8214 .8C70( 4) .86571 2) 01237 
68 9 8 4 .5714 .8437 .8292( 3) .8806( 2) 12304 
69 14 5 1 .4182 .7399 .7269( 6) ..8028( 3) 01234 
69 12 6 3 .4417 .7818 .7680( 6) .8383( 4) 01234 
69 10 7 1 .4854 .821.2 .81C0( 3) .86T7( 2) 01234 
69 9 8 3 .5163 .846C .8318( 3) .8824( 2) 12340 
70 14 5 0 .4331 .7438 .7310( 3) .8116( 1) 01234 
70 12 6 2 .4532 .7850 .7714( 5) .8406( 4) 01234 
70 10 7 0 .5CC6 .e269 .8130( 2) .8697( 1) C123' 
70 9 8 2 .5865 .8483 .83'3( 3) .8841( 2) 12345 
it 15 5 4 .3584 .7255 .7128( 8) .8001( 5) 01234 
71 12 6 1 .4563 .7881 .77481 4) .8429( 3) 01234 
71 11 7 6 .4750 .8083 .7945( 5) .8512( 3) 012911) 
71 9 8 1 .5928 .85C5 .8367( 2) .8858( 1) 12345 
72 15 5 3 .3675 .1295 .7170( 8) .8C29( 4) 01234 
72 12 6 0 .4742 .7912 .7780( 2) .8451( 1) 01234 
72 It 7 5 .4778 .8110 .7913( 5) .8592( 3) 01239 
72 9 8 0 .6250 .8527 .8390( 1) .8874( 1) 01234 
73 15 5 2 .371.9.7334 .1210( 7) .8056( 4) 01231. 
73 13 6 5 .4351. .7733 .76C2( 7) .8334( 4) 01234 
73 11 7 1. .1.792 .8137 .8CO2( 5) .8612( 3) 01234 
73 10 8 7 .i891 .8338 .82C1( 3) .8750( 2) 20134 
73 9 9 8 .625C .8548 .8412( 2) .8890( 1) 01823 
74 15 5 1 .3836 .1371 .7249( 6) .8082( 3) 01234 
74 13 6 1. .4363 .7164 .7635( 6) .8351( 4) 0121. 
74 11 7 3 .4828 .8163 .8C29( 4) .8631( 3) 01234 
74 10 8 6 .4954 .8361 .8225( 3) .8767( 2) 02314 
74 9 9 7 .6250 .8568 .8434( 2) .8905( 2) 01283 
75 15 5 0 .056 .14C8 .7287( 3) .8109( 1) 01234 
75 13 6 3 .4423 .7795 .7668( 5) .8379( 4) 01231. 
75 11 7 2 .1.892 .8162 .8C56( 4) .8649( 3) 01234 
75 10 8 5 .5C22 .8383 .8249( 4) .8784( 2) 01234 
75 9 9 6 .6250 .8588 .81.55( 2) .8919( 2) 10238 
76 13 6 2 .4456 .7825 .7699( 5) .8400( 3) 01234 
76 11 7 1 .4912 .8213 .8C83( 3) .8667( 2) 01231. 
76 10 8 4 .5060 .81.01. .8272( 3) .2800( 2) 20134 
76 9 9 5 .6250 .86C7 .81.76( 2) .8934( 2) 12034 
77 13 6 1 .4480 .7854 .7730( 4) .8421( 3) 01234 
77 11 7 0 .5022 .8237 .21C8( 2) .8685( 1) 01231. 
71 10 8 3 .5C61. .8425 .8294( 3) .8816( 2) 23011. 
77 9 9 4 .6250 .8626 .84S6( 2) .8948( 2) 12301. 
78 13 6 0 .4592 .7883 .7760( 2) .8442( 1) 01234 
78 12 7 6 .4869 .8070 .7944( 4) .8571( 3) 012310 
78 10 8 2 .5084 .8446 .8316( 3) .8832( 2) 23470 
- 14.0 
V S K P E(RIN) E E(C) E(1) CUNTRCLS 
78 9 9 3 .6250 .2644 .8516( 2) .8961( 2) 12340 
79 14 6 5 .3966 .7705 .7581( 7) .8333( 4) 01234 
79 12 7 5 .4873 .8094 .7968( 4) .8590( 3) 01234 
19 10 8 1 .5151 .8466 .8337( 2) .8847( 2) 02345 
79 9 9 2 .625C .8661 .8536( 2) .8974( 2) 12345 
80 14 6 4 .4028 .7735 .7612( 6) .8354( 4) 05123 
80 12 1 4 e4813 .8117 .7992( 5) .8608( 3) 01234 
80 10 8 0 .5294 .8485 .8358( 2) .8862( 1) 01234 
80 9 9 1 .6296 .8679 .8555( 1) .8987( 1) 12345 
81 14 6 3 .4029 .7765 .7643( 6) .8375( 4) 015610 
81 12 7 3 .4878 .8139 .8C16( 5) .8625( 3) 01234 
81 11 8 7 .5022 .8329 .8206( 3) .8751( 2) 78012 
81 9 9 C .6667 .8696 .8571( 0) .9CCO( 0) 01234 
82 14 6 2 .4042 .7793 .7673( 6) .8396( 4) 01256 
82 12 7 2 .4884 .8161 .8C39( 4) .8642( 2) 01234 
82 11 8 6 .C9C .8350 .8228( 4) .8766( 2) 07891 
82 10 9 8 .5549 .8526 .84C4( 2) .889C( 2) 01458 
83 14 6 1 .3997 .7821 .7703( 4) .8415( 3) 01235 
83 12 7 1 .4879 .8183 .8C61( 4) .8659( 2) 01234 
83 11 8 5 .5183 .8370 .8249( 3) .8781( 2) 01578 
83 10 9 7 .557C .8546 .8424( 3) .89C3( 2) 01245 
84 14 6 0 .4017 .7849 .7731( 3) .8435( 1) 01234 
84 12 7 0 .4070 .8204 .8C83( 2) .8676( 1) 01234 
84 11 8 4 .5200 .839C .8270( 3) .8796( 2) 01256 
84 10 9 6 .5611 .8563 .8442( 3) .8916( 2) 01234 
85 15 6 5 .3828 .7699 .7583( 7) .8334( 4) 01234 
85 13 7 a .453C .0055 .7931( 4) .8571( 3) 01234 
85 11 8 3 .5238 .8409 .8291( 3) .8810( 2) 01723 
85 10 9 5 .5674 .8521 .8461( 3) .8929( 2) 01248 
86 15 6 4 .3925 .7728 .7613( 6) .8354( 4) 01234 
86 13 7 5 .4554 .8C77 .7960( 4) .F588( 3) 40123 
86 11 8 2 .5303 .8428 .8311(  .8824( 2) 01278 
86 10 9 4 .5722 .8598 .8479( 3) .8942( 2) 01234 
87 15 6 3 .3973 .7755 .7643( 6) .8373( 3) 0234 
87 13 7 4 .4556 .0099 .7583( 4) .86C5( 3) 45012 
87 11 8 1 .5405 .8447 .8331( 2) .8838( 2) 01235 
87 10 9 3 .5721 .8614 .8497( 2) .8954( 2) 04123 
88 15 6 2 .4C33 .7122 .7671( 6) .8391( 3) 01234 
88 13 7 3 .4572 .012C .8CC5( 4) .8621( 3) 04561 
88 11 8 0 .5549 .8465 .8350( 1) .8852( 1) 01234 
88 10 9 2 .5729 .863C .8514( 2) .966( 1) 01452 
89 15 6 1 .4138 .7809 .7699( 4) .8410( 3) 01234 
89 13 7 2 .4609 .8141 .8C27( 4) .8637( 2) 01456 
89 12 8 7 .4462 .83C5 .8189( 4) .8751( 2) 01423 
89 10 9 1 .5772 .8646 .8531( 2) .8978( 1) 01245 
90 15 6 0 .4286 .1835 .7726( 3) .8428( 1) 01234 
90 13 1 1 .4698 .8161 .8C48( 3) .8652( 2) 01245 
90 12 8 6 •4512 .8325 .8210( 4) .8765( 3) 01245 
90 10 9 0 .5926 .8661 .2548( 1) .099C( 0) 01234 
91 13 7 0 .4834 .8181 .8C69( 2) .8667( 1) 01234 
91 12 8 5 .4554 .8344 .8231( 4) .8778( 3) 01234 
91 11 9 8 .5562 .8515 .8403( 2) .2890( 2) 20134 
92 14 7 6 .4529 .8046 .7937( 4) .8571( 3) 01256 
92 12 8 4 .4608 .8363 .8251( 4) .8792(  40123 
- 1J4j - 
V S K P E(VIN) E [(C) E(1) CONTROLS 
92 11 9 7 .5591 .8532 .8420( 3) .8902( 2) 02314 
93 14 7 5 .4583 .8067 .7959( 4) .8586( 3) 01235 
93 12 8 3 .4663 .8382 .8271( 4) .8805( 2) 04512 
93 11 9 6 .5630 .8547 .8437( 2) .8t,1.3( 2) 01234 
94 14 1 4 .4580 .8081 .7919( 4) .8602( 3) 09123 
94 12 8 2 .4697 .24CC .8290( 3) .8818( 2) 01456 
94 11 9 5 .5685 .8563 .8453( 2) .2925( 2) 20134 
95 14 7 3 .4622 .8106 .8(C0( 4) .8617( 3) 0159fO 
95 12 8 1 .4153 .8417 .83C9( 3) .8831( 2) 01245 
95 11 9 4 .5704 .8578 .8469( 2) .8937( 2) 23014 
96 14 7 2 .4661 .8125 .8C2C( 3) .8632( 2) 01256 
96 12 8 0 .4823 .8435 .8327( 2) .8843( 1) 01234 
96 11 9 3 .5694 .8593 .8485( 2) .8948( 2) 23401 
97 14 7 1 .4675 .8144 .8C39( 3) .8647( 2) 01235 
97 13 8 7 .4818 .8296 .8169( 4 1 .7511 3) 01234 
97 11 9 2 .51C2 ..6C1 .85C0( 2) .8959( 1) 23458 
98 14 7 0 .4774 .8163 .8C59( 2) .2661( 1) 01234 
98 13 8 6 .4844 .8314 .82C8( 4) .8764( 3) 01234 
98 11 9 1 .5738 .8621 .8516( 2) .897CC 1) 02345 
99 15 7 6 .3943 .8017 .7912( 6) .8572( 3) 01234 
99 13 8 5 .4875 .8331 .8226( 4) .0776( 3) 01234 
99 11 9 0 .5926 .8635 .€530( 1) .8981( 1) 01234 
100 15 7 5 .3965 .803 .7934( 6) .8581( 3) 01234 
100 13 8 4 .4883 .8348 .8244( 4) .8189( 2) 01234 
100 12 9 8 .4941 .8495 .8390( 3) .8890( 2) 01234 
- 14.2 - 
TABLE B.3 
PROPERTIES OF t(091)-DESIGNS , R=4 , 13V100 
V S K P E(PIN) E Em E (1) CONTROLS 
13 4 4 3 .6667 .1342 .6863( 0) .7499( 4) 0123 
14 4 4 2 .6667 .1553 .7C89( 4) .7686( 3) 0123 
15 4 4 1 .6e15 .1736 .7310( 2) .7851( 2) 0123 
16 4 4 0 .75CC .7895 .75CC( 0) .8CCO( 0) 0123 
17 5 4 3 .5833 .7229 .6833( 9) .7498( 4) 12304 
18 5 4 2 .5945 .7359 .7C23( 5) .7643( 5) 23014 
19 5 4 1 .6292 .7551 .7197( 3) .7774( 3) 30124 
20 5 4 0 .6875 .7686 .7352( 0) .7895( 0) 01234 
21 6 4 3 .4826 .7144 .68C6( 9) .7494( 7) 01245 
21 5 5 4 .6875 .7804 .1468( 3) .8000( 3) 01234 
22 6 4 2 .5061 .7286 .6S63( 7) .7613( 5) 01253 
22 5 5 3 .6875 .7911 .7583( 1) .8093( 3) 12304 
23 6 4 1 .5389 .7416 .71C7( 4) .7724( 4) 02134 
23 5 5 2 .6875 .801C .7695( 3) .8179( 3) 23014 
24 6 4 0 .5732 .7533 .7238( 1) .7826( 1) 01234 
24 5 5 1 .70CC .8099 .7759( 1) .8259( 2) 30124 
25 7 4 3 .5059 .710C .6817( 7) .7496( 7) 01623 
25 5 5 0 .75CC .8182 .7295( 01' .8333( 0) 01234 
26 7 4 2 .5199 .722C .6546( 6) .7596( 6) 01236 
26 6 5 4 .5412 .7721 .7416( 6) .8CCO( 4) 04513 
27 7 4 1 .5301 .733C .7C65( 4) .7690( 4) 01324 
27 6 5 3 .5588 .7811 .7515( 5) .8076( 4) 05142 
28 7 4 0 .5754 .7432 .7176( 1) .1778( 1) 01234 
28 6 5 2 .5663 .7895 .76C9( 5) .8146( 4) 01523 
29 8 4 3 .4561 .7041 .6781( 9) .7502( 7) 01273 
29 6 5 1 .5180 .7973 .7697( li ) .8213( 3) 01234 
30 8 4 2 .4649 .7148 .6898( 7) .1585( 6) 01237 
30 6 5 0 .60CC .8046 .7780( 2) .8276( 1) 01234 
31 8 4 1 . 11657 .7248 .7CC1( 4) .76651 4) 0123'i 
31 7 5 4 .5660 .7685 .7439( 5) .8CCC( 5) 061.52 
32 8 4 0 .5173 .134C .71C7( 2) .7742( 1) 01234 
32 7 5 3 .5162 .7765 .7521( 5) .8063( 5) 01625 
33 9 4 3 .3942 .6994 .6758( 9) .7501( 7) 01238 
33 7 5 2 .5190 .7836 .7598( 4) .8124( 4) 01263 
34 9 4 2 .4029 .7092 .6865( 8) .7514( 6) 01234 
34 7 5 1 .593 .7903 .7672( 3) .8181( 3) 01234 
35 9 4 1 .4224 .7184 .6S65( 51 .7646( 5) 01234 
35 7 5 0 .6198 .7966 .7741( 1) .8235( 1) 01234 
36 9 4 0 .45CC .7265 .7C57( 3) .7714( 2) 01234 
36 8 5 4 .5279 .7640 .7412( 6) .759( 5) 01726 
37 10 4 3 .4412 .7CIJC .68C2( 9) .7498( 6) 34012 
37 8 5 3 .5386 .7709 .7488( 6) .8054( 4) 01273 
31 7 6 5 .65CC .8082 .7863( 4) .8333( 3) 05614 
38 10 4 2 .4549 .7085 .6892( 7) .7565( 5) 03451 
38 8 5 2 .5521 .7775 .7560( 5) .8107( 4) 01234 
38 7 6 4 .6500 .8135 .7920( 4) .8377( 3) 06152 
- 143 - 
V S K P E(VIN) E E(0) E(1) CCNTRCLS 
39 10 4 1 .4132 .7165 .6917( 5) .7631( 4) 01345 
39 8 5 1 .5660 .7836 .7628( 3) .8157( 3) 01243 
39 7 6 3 .65CC .8185 .7975( 3) .8420( 3) 01625 
40 10 4 0 .5CCO .724C .7C57( 3) .7692( 1) 01234 
40 8 5 C .5941 .7895 .7693( 1) .82C5( 1) 01234 
40 7 6 2 .6552 .8233 .8C28( 3) .8460( 3) 01263 
41 11 4 3 .4284 .6962 .6776( 9) .7500( 7) 12340 
41 9 5 4 .4955 .760 .7402( 7) .8001( 4) 01283 
41 7 6 1 .6718 .8278 .8C79( 2) .8499( 2) 01234 
42 11 4 2 .4359 .7039 .6858( 7) .7560( 5) 12345 
42 9 5 3 .5C67 .7668 .7467( 6) .8048( 4) 01238 
42 7 6 C .7083 .8322 .8127( 1) .8537( 0) 01234 
43 11 4 1 .4428 .7112 .6S35( 6) .7618( 4) 12345 
43 9 5 2 .5083 .7725 .7530( 5) .8C95( 4) 01234 
43 8 6 5 .5516 .804c' .7841( 5) .8333( 4) 01672 
43 7 7 6 .7C83 .8362 .8170( 2) .8571( 1) 04561 
44 11 4 0 .4569 .7181 .7C08( 3) .7674( 2) 01234 
44 9 5 1 .5135 .718C .7590( 4) .8139( 3) 01234 
44 8 6 4 .5616 .8088 .78S3( 4) .8371( 3) 01726 
44 7 7 5 .7083 .8401 .8212( 3) .86C5( 2) 05614 
45 12 4 3 .3910 .6915 .6736(10) .7502( 6) 12345 
45 9 5 0 .5285 .1833 .7647( 2) .8182( 2) 01234 
45 8 6 3 .5694 .8133 .7942( 4) .8408( 3) 01273 
45 7 7 4 .7083 .8438 .8252( 3) .8636( 2) 06152 
46 12 4 2 .4C13 .6988 .6814( 7) .75551 6) 12345 
46 10 5 4 .4614 .7597 .7417( 6) .8C01( 5) 01239 
46 8 6 2 .5728 .8176 .7990( 3) .8444( 3) 01234 
46 7 7 3 .7083 .8474 .8291( 2) .8666( 2) 01625 
47 12 4 1 .4086 .7C57 .6287( 6) .7608( 5) 12345 
41 10 5 3 .4122 .7651 .7475( 6) .8C43( 5) 01234 
47 8 6 1 .59C6 .8212 .8036( 3) .8478( 2) 01243 
47 7 7 2 .7083 .8508 .8329( 2) .8695( 2) 01263 
48 12 4 0 .4193 .7122 .6955( 3) .7660( 2) 01234 
48 10 5 2 .4810 .7702 .7531( 5) .8085( 4) 01234 
48 8 6 0 .6059 .8257 .8C80( 1) .8511( 1) 01234 
48 -, 7 1 .7143 .854C .8366( 1) .8723( 1) 01234 
49 13 4 3 .3852 .6910 .6748(10) .7500( 6) 12345 
49 10 5 1 .444 .7752 .1584( 4) .8125( 3) 01234 
49 9 6 5 .5368 .8017 .7640( 5) .8334( 4) 01827 
49 7 7 0 .75CC .8571 .84C0( 0) .8150( 0) 01234 
50 13 4 2 .4C26 .6976 .6818( 7) .7550( 5) 12345 
50 10 5 0 .5097 .7799 .7635( 2) .8163( 1) 01234 
50 9 6 4 .5449 .806C .7886( 5) .8368( 4) 01283 
50 8 7 6 .6157 .8333 .8162( 3) .8572( 2) 07145 
51 13 4 1 .413C .704C .6685( 6) •7599( 5) 12345 
51 11 5 4 .4799 .7564 .7398( 5) .7998( 5) 10236 
51 9 6 3 .5524 .8100 .7930( 4) .840C( 4) 01238 
51 8 7 5 .6198 .8366 .8197( 3) .860C( 2) 01672 
52 13 4 0 .357 .71CC .6948( 3) .7647( 2) 01234 
52 11 5 3 .4852 .7613 .7448( 5) .8038( 4) 12034 
52 9 6 2 .5670 .8139 .7972( 3) .8431( 3) 01234 
52 0 7 4 .6267 .8398 .8231( 3) .8628( 3) 01726 
53 14 4 3 .3795 .6867 .6711( 8) .7499( 8) 178910 
53 11 5 2 .4906 .7659 .7497( 5) .8076( 4) 12380 
144- 
V S K P E(MIN) E E(0) E(1) CONTROLS 
53 9 6 1 .5703 .8176 .8C13( 3) .8461( 2) 01234 
53 8 7 3 .6270 .8429 .8265( 3) .8654( 2) 01273 
56 14 4 2 .3896 .6928 .67741 fl .7541( 6) 12789 
54 11 5 1 .4929 .7704 .7545( 4) .8113( 3) 12346 
54 9 6 0 .5907 .8211 .8052( 1) .8491( 1) 01234 
54 8 1 2 .6274 .8459 .8297( 2) .8679( 2) 01234 
55 14 4 1 .4C06 .6986 .6835( 5) .7592( 5) 12357 
55 11 5 0 .5025 .7747 .7591( 2) .8148( 2) 01234 
55 10 6 5 .5131 .7993 .7831( 5) .8334( 4) 01293 
55 
8 7 1 .6301 .8487 .8328( 2) .8704( 1) 01243 
56 14 4 0 .4201 .7043 ,6€95( 3) .7636( 2) 01234 
56 12 5 4 .4516 .1541 .7386( 6) .7999( 5) 12034 
56 10 6 4 .5194 .8031 .7872( 5) .8364( 4) 01239 
56 8 7 0 .6428 .8515 .8358( 1) .8728( 1) 01234 
57 15 4 3 .3891 .6882 .6742( 8) .7499( 6) 12678 
57 12 5 3 .4560 .7586 .7433( 5) .8035( 4) 12304 
57 10 6 3 .5278 .8C67 .1911( 4) .2393( 4) 01234 
57 9 7 6 .6108 .8309 .8155( 4) .8572( 3) 01782 
58 15 4 2 .4C07 .6938 .6800( 7) .7543( 8) 12367 
58 12 5 2 .4621 .7630 .7479( 6) .8070( 4) 12347 
58 10 6 2 .5384 .8102 .7949( 4) .8421( 3) 01234 
58 9 7 5 .6134 .8339 .8187( 4) .8597( 3) 01827 
59 15 4 1 .4071 .6992 .6856( 6) .7586( 5) 12346 
59 12 5 1 .4633 .7672 .7524( 4) .81C3( 3) 12345 
59 10 6 1 .5526 .8136 .7986( 3) .8448( 2) 01234 
59 9 7 4 .6193 .8368 .8218( 3) .8621( 2) 01283 
60 15 4 0 .4298 .1045 .ocii( 3) .7b27( 3) 01234 
60 12 5 0 .4674 .7712 .7567( 3) .8136( 2) 01234 
60 10 6 0 .5636 .6168 .8C21( 2) .8415( 1) 01234 
60 9 7 3 .6217 .8396 .8248( 3) .8645( 2) 01238 
61 13 5 4 .4217 .7515 .7369( 6) .7999( 5) 18023 
61 11 6 5 .5262 .7982 .7838( 4) .8332( 4) 01342 
61 9 7 2 .6267 .8423 .8277( 2) .8667( 2) 01234 
62 13 5 3 .43CC .758 .7414( 6) .8032( 5) 12890 
62 11 6 4 .5314 .8016 .7874( 4) .8360( 4) 01234 
62 9 7 1 .6298 .8449 .83C5( 2) .8689( 2) 01235 
63 13 5 2 .443C .76CC .7458( 5) .8064( 2) 12389 
63 11 6 3 .5381 .8048 .79C8( 4) .8387( 3) 30124 
63 9 7 0 .6335 .8474 .8333( 1) .8711( 1) 01234 
64 13 5 1 .4453 .7640 .75C1( 5) .8095( 3) 12346 
64 11 6 2 .5455 .8079 .7941( 3) .8413( 3) 03471 
64 10 7 6 .5725 .8287 .8145( 4) .8573( 3) 01928 
65 13 5 0 .4548 .7679 .7542( 3) .8125( 2) 01234 
65 11 6 1 .5554 .811C .7974( 3) .8438( 2) 01345 
65 10 7 5 .5770 .8314 .8174( 4) .8595( 3) 01293 
66 14 5 4 .4320 .7519 .7387( 6) .8000( 5) 12903 
66 11 6 0 .5716 .8139 .8CC5( 1) .8462( 1) 01234 
66 10 7 4 .5817 .834C .82C2( 3) .8617( 3) 01239 
67 14 5 3 .4'01 .7557 .7427( 5) .8030( 5) 1239fO 
67 12 6 5 .5015 .7959 .7824( 5) .8333( 4) 014102 
61 10 7 3 .5873 .8366 .8230( 3) .8637( 3) 01234 
68 14 5 2 .4440 .7594 .7466( 5) .8060( 4) 12349 
68 12 6 4 .5093 .7991 .7858( 5) .8358( 4) 01245 
68 10 7 2 .5891 .839C .8256( 3) .8657( 3) 01234 
14.5 
V S K P E(MIN) E E ( 0 ) E(l) CC1TRCLS 
69 14 5 1 .4473 .1631 .75C4( 4) .8088( 3) 12345 
69 12 6 3 .5173 .8022 .1891( 4) .8382( 4) 01234 
69 10 7 1 .5893 .8414 .8282( 2) .8677( 2) 01234 
70 14 5 0 .4517 .1666 .75'.1( 2) .8116( 2) 01234 
70 12 6 2 .5243 .8052 .7923( 4) .8406( 3) 01472 
70 10 7 0 .5951 .8438 .83C7( 1) .8697( 1) 01234 
71 15 5 4 .3792 .7493 .1366( 6) .7999( 4) 23401 
71 12 6 1 .5348 .8081 .7954( 3) .84291 3) 01245 
71 11 7 6 .4930 .8259 .8126( 4) .8571( 3) 02134 
72 15 5 3 .3884 .7531 .7406( 6) .8028( 4) 234511 
72 12 6 0 .5481 .8109 .79841 2) .8451( 1) 01234 
72 11 7 5 .5C07 .82e5 .8153( 4) .8591( 3) 01234 
73 15 5 2 .4C09 .7568 .7446( 6) .8055( 4) 23456 
73 13 6 5 .5U82 .7943 .78171 5) .8333( 4) 10237 
73 11 7 4 .5041 .8310 .8180( 3) .8611( 3) 20134 
73 10 8 7 .6CIO .8504 .8378( 1) .81511 2) 01892 
74 15 5 1 .4158 .7604 .7484( 4) .8082( 3) 02345 
74 13 6 4 .5122 .7973 .7848( 5) .8356( 4) 12034 
74 11 1 3 .5089 .8334 .8206( 3) .8630( 2) 23014 
74 10 8 6 .6051 .8525 .84C0( 3) .8768( 2) 01928 
75 15 5 0 .4344 .7639 .7520( 2) .8109( 2) 01234 
75 
13 6 3 .5150 .001 .7879( 4) .8318( 3) 12390 
75 11 7 2 .5159 .8358 .8232( 3) .8649( 3) 23401 
75 10 8 5 .6097 .545 .8422( 3) .8785( 2) 01293 
76 13 6 2 .5224 .8029 .79C9( 4) .8400( 3) 12349 
76 11 1 1 .5258 .8380 .8256( 2) .8667( 2) 02345 
76 10 8 4 .6114 .8565 .83( 3) .8801( 2) 01239 
77 13 6 1 .5307 .8057 .7938( 3) .8422( 2) 12345 
17 11 7 0 .5380 .84C3 .8280( 2) .8685( 1) 01234 
17 10 8 3 .6146 .8584 .8464( 3) .8817( 2) 01234 
78 13 6 0 .5396 .8083 .7966( 2) .8442( 1) 01234 
78 12 1 6 .4729 .8244 .8120( 4) .8572( 3) 01234 
78 10 8 2 .6186 .8603 .8484( 2) .8832( 2) 01234 
79 14 6 5 .4607 .7923 .78C4( 5) .8333( 3) 01237 
79 12 7 5 .4715 .8268 .8146( 4) .8590( 3) 10234 
79 10 8 1 .6236 .8621 .8504( 1) .8847( 1) 01234 
80 14 6 4 .4646 .7951 .7833( 5) .8355( 4) 29013 
80 12 7 4 .4825 .8291 .8171( 3) .8608( 3) 12034 
80 10 8 0 .6311 .8639 .8523( 1) .8862( 0) 01234 
81 14 6 3 .4103 .7978 .7862( 5) .8315( 3) 2391C0 
81 12 1 3 .4285 .8313 .8195( 3) .8625( 3) 12304 
81 11 8 7 .6044 .849C .8375( 3) .8751( 2) 01231ö 
82 14 6 2 .4781 .8005 .7890( 4) .8396( 3) 234910 
82 12 7 2 .4957 .8335 .8219( 3) .8643( 2) 12349 
82 11 8 6 .6C53 .8509 .8396( 2) .8766( 2) 01324 
82 10 9 8 .6438 .8674 .8561( 2) .8890( 1) 08917 
83 14 6 1 .4878 .8031 .7918( 3) .8415( 2) 02345 
83 12 7 1 .5037 .8357 .8242( 3) .8659( 2) 12345 
83 11 8 5 .6C65 .8528 .8'i15( 3) .8781( 2) 01234 
83 10 9 7 .455 .8690 .8578( 2) .89C4( 2) 09182 
84 14 6 0 .5015 .8056 .7544( 2) .8435( 2) 01234 
84 12 7 C .5136 .8378 .8264( 2) .8676( 1) 01234 
84 11 8 4 .6077 .8546 .8434( 3) .8796( 2) 30124 
84 10 9 6 .6472 .8706 .8595( 2) .8917( 2) 01928 
- 146 - 
V S K P E(MIN) 	E 	[(0) 	E(1) 	 CONTRCLS 
85 15 6 5 .4254 .7918 .78C8( 5) .8335( 4) 23456 
85 13 7 6 .47C7 .8235 .8122( 4) .8571( 3) 01234 
85 11 8 3 .6112 .8563 .8453( 2) .8810( 2) 34012 
85 10 9 5 .6507 .8722 .8612( 2) .8930( 2) 01293 
86 15 6 1 .4252 .7944 .7834( 5) .8354( 4) 23456 
86 13 7 5 .4730 .8257 .8146( 4) .8588( 3) 10237 
86 11 8 2 .6139 .8581 .8472( 2) .8825( 2) 03451 
86 10 9 4 .6512 .8737 .8628( 2) .8942( 2) 01239 
87 15 6 3 .4269 .7968 .7860( 5) .8373( 4) 23456 
87 13 7 4 .4763 .8279 .8168( 3) .8605( 3) 12034 
87 11 8 1 .6153 .8597 .849C( 2) .8838( 1) 01345 
81 10 9 3 .6537 .8752 .8644( 2) .8955( 1) 01234 
88 15 6 2 .4315 .7993 .7886( 4) .8392( 3) 23456 
88 13 7 3 .4814 .8299 .8190( 3) .8621( 2) 12390 
88 11 8 0 .6197 .8614 .85C7( 1) .852( 1) 01234 
88 10 9 2 .6549 .8166 .8660( 1) .8967( 1) 01234 
89 15 6 1 .4375 .8016 .7910( 4) .410( 3) 02345 
89 13 7 2 .4890 .0320 .8212( 3) .8637( 2) 12349 
89 12 8 7 .5490 .8477 .8370( 3) .8151( 2) 01234 
89 10 9 1 .6572 .8780 .8675( 1) .8978( 1) 01234 
90 15 6 0 .4446 .8039 .7935( 2) .8428( 2) 01234 
90 13 7 1 .4984 .8340 .8233( 2) .8653( 2) 12345 
90 12 8 6 .5563 .8494 .8389( 3) .8765( 2) 01324 
90 10 9 0 .6667 .794 .8690( 1) .8990( 0) 01234 
91 13 7 0 .5102 .8359 .8254( 2) .8668( 1) 01234 
91 12 8 5 .5597 .8512 .8407( 3) .8779( 2) 01234 
91 11 9 8 .6121 .8660 .8556( 2) .8890( 2) 01124 
92 14 7 6 .4413 .822C .8113( 4) .8573( 3) 24567 
92 12 8 4 .562C .8528 .8425( 3) .8792( 2) 30124 
92 11 9 7 .6162 .8675 .8572( 2) .8902( 2) 012103 
93 14 7 5 .4425 .8240 .8134( 4) .8508( 3) 23456 
93 12 8 3 .5656 .8544 .84'42( 3) .8805( 2) 34012 
93 11 9 6 .6216 .869C .8588( 2) .8914( 2) 01234 
94 14 7 4 .4445 .82CC .8155( 4) .8603( 3) 49235 
94 12 8 2 .5711 .8560 .8459( 2) .8818( 2) 03451 
94 11 9 5 .6263 .8704 .86C3( 2) .8926( 2) 01234 
95 14 7 3 .4481 .0279 .8176( 4) .8618( 3) 459100 
95 12 8 1 .5784 .8576 .8476( 2) .P831( 2) 01345 
95 11 9 4 .6282 .8718 .8618( 2) .8937( 2) 40123 
96 14 7 2 .4532 .8298 .8196( 3) .8633( 2) 4569fö 
96 12 8 C .5876 .8591 .8492( 1) .8843( 1) 01234 
96 11 9 3 .6310 .8732 .8633( 2) .8949( 2) 04512 
97 14 7 1 .4598 .8317 .8215( 3) .8647( 2) 02456 
97 13 8 7 .5247 .8462 .8362( 3) .8751( 2) 43501 
97 11 9 2 .6351 .8745 .8647( 2) .8960( 1) 01456 
98 14 1 0 .4677 .8335 .8235( 2) .8661( 1) 01234 
98 13 8 6 .5302 .8479 .8379( 3) .8764( 2) 45360 
98 11 9 1 .6404 .8758 .8661( 1) .8970( 1) 01245 
99 15 7 6 .5CCC .8224 .8127( 4) .8573( 3) 01256 
99 13 8 5 .5320 .0495 .8397( 3) .8776( 2) 45637 
99 11 9 0 .6488 .8771 .8675( 1) .8981( 0) 01234 
100 15 7 5 .5C15 .8242 .8147( 4) .8587( 3) 01235 
ICC 13 8 4 .5344 .8511 .8414( 3) .8789( 2) 45673 
100 12 9 8 .5192 .8648 .8551( 2) .8890( 2) 20135 
- 147 - 
TABLE C.1 
.d0,1,2)-CESIGNS , R=2 , 	Sig 	, 3I'20 
S K E' ARRAY ' 
2 3 .5455 0 1 1 
2 '4 .600C C 1 C 1 
3 4 .5245 C 1 2 2 
3 5 .5357 0 1 2 1 2 
3 6 .556 C 1 2 0 1 2 
3 7 .5455 C 1 2 0 1 2 2 
3 8 .5478 C 1 2 0 1 2 1 2 
3 9 .5556 C 1 2 0 1 2 C 1 2 
4 5 .5185 C 1 2 3 3 
4 6 .5196 C 1 2 3 2 3 
4 7 .5283 C 1 2 3 1 2 3 
'4 8 .5385 C 1 2 3 C 1 2 3 
4 9 .5323 C 1 2 3 0 1 2 3 3 
4 10 .5318 C 1 2 3 C 1 2 3 2 3 
4 11 .5344 0 1 2 3 C 1 2 3 1 2 3 
4 12 .5385 C 1 2 3 C 1 2 3 C 1 2 3 
4 13 .5355 C 1 2 3 C 1 2 3 C 1 2 3 3 
4 14 .5351 C 1 2 3 C 1 2 3 C 1 2 3 2 3 
4 15 .5363 0 1 2 3 C 1 2 3 C 1 2 3 1 2 3 
4 1 .5385 C 1 2 3 C 1 2 3 0 1 2 3 0 1 2 
5 6 .5155 012344 
5 7 .5139 C 1 2 3 '4 3 4 
5 8 .5176 C 1 2 3 4 2 3 4 
5 ' .5233 C1234123'4 
5 IC .5294 0 1 2 3 1* 0 1 2 3 4 
5 11 .5253 C 1 2 3 '4 0 1 2 3 4 '4 
5 12 .5242 C 1 2 3 A 0 1 2 3 4 3 4 
5 13 .525C C 1 2 3 4 0 1 2 3 4 2 3 '4 
5 14 .5269 C 1 2 3 '4 C 1 2 3 4 1 2 3 '4 
5 1 .5294 C 1 2 3 4 0 1 2 3 4 0 1 2 3 4 
5 16 .5275 0 1 2 3 '4 0 1 2 3 4 0 1 2 3 4 
5 11 .5268 C 1 2 3 '4 0 1 2 3 4 0 1 2 3 4 
5 IF .5271 C 1 2 3 '4 0 1 2 3 '4 0 1 2 3 4 
5 19 .5280 C 1 2 3 4 0 1 2 3 4 0 1 2 3 4 
5 20 .5294 C 1 2 3 4 0 1 2 3 4 0 1 2 3 4 
6 7 .5136 C 1 2 3 4 5 5 
6 8 .5111 C 1 2 3 '4 5 '4 5 
9 .5126 0 1 2 3 4 5 2 3 5 
6 IC .5157 C 1 2 3 4 5 2 3 '4 5 
6 11 .5197 C 1 2 3 '4 5 1 2 3 4 5 
6 12 .5238 C 1 2 3 4 5 C 1 2 3 4 5 








S 1< E I ARRAY .' 
6 14 .5197 C 1 2 3 4 5 0 1 2 3 4 5 4 5 
6 15 .5198 C 1 2 3 4 5 C 1 2 3 4 5 2 3 5 
6 16 .5207 0 1 2 3 4 5 0 1 2 3 4 5 2 3 4 5 
6 17 .5221 C 1 2 3 4 5 C 1 2 3 4 5 1 2 3 4 5 
1 8 .5122 0 1 2 3 4 5 6 6 
1 9 .5096 C 1 2 3 4 5 6 5 6 
7 Ic .510C C 1 2 3 4 5 6 3 4 6 
7 11 .5117 C 1234562 346 
7 12 .5142 0 1 2 3 4 5 6 2 3 4 5 6 
7 13 .5170 C 1 2 3 4 5 6 1 2 3 4 5 6 
7 14 .5200 C 1 2 3 4 5 6 C 1 2 3 4 5 6 
7 15 .5178 01234560 1234566 
8 9 .5111 C 12345677 
8 10 .5086 C 1 2 3 4 5 6 7 6 7 
8 11 .5084 C 1 2 3 4 5 6 7 4 5 7 
8 12 .5093 C 1 2 3 's 5 6 1 3 4 5 7 
8 13 .5109 C 1 2 3 4 5 6 7 2 3 4 5 7 
9 10 .5102 C 1 2 3 4 5 6 7 8 8 
9 11 .5C79 C 1 2 3 4 5 6 7 8 7 8 
9 12 .5073 C 1 2 3 4 5 6 7 8 5 6 8 
- 19 
TABLE C.2 
o(0,1,2)0ESIGNS , R3 , 2S'9 , 3I<(20 
S K E' ARRAY oe ' 
2 3 .7435 C 1 0 
001 
2 4 .7692 C I C 1 
Clic 
3 4 .7C59 C 2 1 C 
0121 
3 5 .7164 C 0 2 1 1 
0 1 1 2 C 
3 6 .7213 0 2 C 1 2 1 
021210 
3 7 .7207 C 1 2 C 1 2 C 
0102211 
3 8 .7229 C 2 C 1 2 1 2 1 
C 2 2 1 C 2 1 0 
3 9 .7273 C 2 C 1 2 0 1 2 1 
0 2 1 1 C 2 2 1 C 
4 5 .6976 .0 2 3 1 2 
C 1 2 3 3 
4 6 .6981 0 2 3 1 2 0 
032312 
4 7 .7038 C 2 3 1 2 0 3 
0323120 
4 8 .7097 0 1 2 3 1 2 C 3 
01323120 
4 9 .7056 0 1 2 3 C 1 2 3 C 
032112023 
4 10 .7055 C 3 3 0 C 1 1 2 2 3 
0103221 132 
4 11 .7071 C 3 3 3 C 1 1 1 2 2 0 
C21022]3313 
.4 12 .7097 C 1 
2 
3 1 2 3 0 1 2 3 0 
0 2 3 1 3 2 C 3 1 0 2 1 
4 13 .7079 0 3 0 2 1 2 3 1 2 3 0 1 1 
C 2 3 1 1 2 C 2 3 1 2 3 0 
6 14 .7C76 C 2 3 0 1 2 0 1 2 3 1 2 3 3 
0 2 3 1 2 3 2 3 C 1 0 1 2 0 
4 15 .7083 C 2 3 1 2 3 C 1 2 3 0 1 2 3 0 
C 2 3 2 3 0 1 3 C 1 2 C 1 2 3 
4 16 .7097 0 1 2 3 1 2 3 0 1 2 3 C 1 2 3 0 
012323C13012C123 
5 6 .6904 C 1 1 2 3 4 
C43120 
- 150 - 
S K E' ARRAY w ' 
5 7 .6911 C 2 1 2 3 4 0 
C 4 4 3 2 2 1 
5 2 .6927 C 4 2 3 4 1 2 0 
02321041 
5 9 .6963 0 3 0 1 2 3 4 1 4 
C1433214C 
5 1C .7COO C 2 3 0 1 2 3 4 1 4 
C 2 1 4 3 3 2 1 4 0 
5 11 .6973 C 3 4 1 2 3 4 0 1 2 3 
C 2 1 4 3 3 2 1 C 4 4 
5 12 .6969 C 1 2 3 1 2 3 4 C 1 2 4 
032143221C41 
5 13 .6972 0 3 1 2 3 4 1 2 3 4 0 1 4 
0 1 4 3 2 1 2 1 C 4 4 3 0 
5 14 .6984 C 1 2 3 1 2 3 4 C 1 2 3 4 4 
C321,321104320 
5 15 .7COC C 1 2 3 4 1 2 3 4 0 1 2 3 4 0 
0 3 2 1 C 4 3 2 1 1 0 4 3 2 4 
5 16 .6987 0 4 0 1 2 3 4 0 1 2 3 4 1 2 3 4 
0432100432114323 
5 17 .6984 C 1 2 3 4 2 3 4 C 1 2 3 4 1 2 3 0 
04321043321 C 43214 
5 18 .6985 C 1 2 3 4 1 2 3 4 0 1 2 3 4 0 1 3 0 
033214432100432114 
5 19 .6991 0 1 2 3 4 1 2 3 4 0 1 2 3 4 0 1 2 3 0 
0321143221043321044 
5 2C .7C00 C 1 2 3 4 1 2 3 4 0 1 2 3 4 C 1 2 3 4 0 
0321 C 432110432210434 
6 7 .6874 0 5 1 2 3 4 4 
0341525 
6 8 .6863 C 3 3 4 4 5 1 2 
05432141 
6 9 .6873 C 0 1 1 2 2 3 4 5 
C 2 4 5 1 3 5 1 C 
6 10 .6889 0 1 2 3 4 5 1 2 4 5 
0142534120 
6 11 .6914 C 2 3 4 5 1 2 3 4 0 5 
C 4 2 5 3 4 1 5 2 3 0 
6 12 .6939 0 5 1 2 3 4 0 1 2 3 4 5 
C 3 't 1 5 2 3 1 4 2 5 C) 
6 13 .6919 C 5 5 0 1 1 2 2 3 3 4 4 5 
0523301441254 
6 14 .6914 C 4 4 5 5 5 C 1 1 2 2 3 3 4 
04332110554215 
6 15 .6913 C 0 1 1 1 2 2 2 3 3 4 4 5 5 0 
C2U544322 115431 
6 16 .6919 C 5 5 0 C 1. 1 1 2 2 2 3 3 4 4 5 
0322105443215314 
6 17 .6928 C 1 2 3 4 5 C 2 3 4 5 1 2 4 5 3 1 
C 3 1 4 2 5 3 4 1 5 2 2 0 1 4 3 0 
-151- 	 - 
S K Et ARRAY ' 
7 8 .6843 0 5 6 1 2 3 4 6 
02165435 
7 9 .6828 C 4 6 1 2 3 4 5 5 
021654321 
7 10 .6833 0 1 2 2 3 3 4 5 6 I 
C54321061b 
7 11 .6845 C 2 3 4 6 1 2 3 4 5 5 
04321654321 
7 12 .6860 C 3 4 5 1 2 3 4 5 6 1 6 
C 3 2 1 6 5 4 3 2 1 5 C 
7 13 .6878 C 1 2 3 4 5 1 2 3 4 5 6 6 
C543216543210 
7 14 .6897 C 0 1 2 3 4 5 1 2 3 4 5 6 6 
06543216543210 
7 15 .6882 C 12345601234566 
C 6 5 4 3 2 1 1 C 6 5 4 3 2 	5 
8 9 .6826 C 7 1 2 3 4 5 6 6 
C4162737 
8 1  .6812 C 6 6 7 1 2 3 4 5 7 
0432165361 
8 11 .6810 0 5 6 7 1 2 3 4 5 2 3 
C2734152651 
8 12 .6814 C 1 2 2 3 3 4 4 5 6 7 1 
C543210765's7 
8 13 .6826 C 2 3 4 5 6 7 1 2 3 4 6 5 
C 5 2 6 3 7 4 5 1 6 2 3 7 
9 IC .6808 C 8 1 2 3 4 5 6 7 7 
C 1 8 7 6 5 4 3 2 1 
9 11 .6793 0 7 7 8 1 2 3 4 5 6 8 
0 4 3 2 8 7 6 5 1' 
9 12 .6786 0 6 6 7 7 8 1 2 3 4 5 8 
053421876546 
- 152 - 
TABLE C.3 
(0,1,2)-DESIGNS , R=4 , 2S9 , 3i<20 
S K El ARRAY ' 
2 3 .8235 C 1 C 
Col 
011 
2 4 .8400 C 1 C 1 
coil 
0110 
3 4 .7891 C 0 1 2 
0210 
0121 
3 5 .7975 C 2 0 1 2 
02121 
0122C 
3 6 .8049 C 1 2 0 1 2 
021210 
001122 
3 7 .7986 C 2 1 2 C 1 1 
C 1 2 2 1 0 1 
0001112 
3 8 .8C19 0 1 2 1 2 C 1 0 
01122102 
C 2 C 0 1 1 1 2 
3 9 .8049 C 1 2 0 1 2 0 1 2 
021 1 C 2 2 1 C 
C0Q111222 
4 5 .7808 C 1 1 2 3 
C 3 2 1 C 
02312 
4 6 .7812 0 1 2 3 2 0 
C 3 1 0 3 2 
023112 
4 7 .753 C 1 2 3 1 2 3 
0031213 
0312130 
4 8 .7895 C 1 2 0 1 2 3 3 
C 2 1 2 C 3 1 3 
C 1 3 2 3 1 2 0 
4 9 .7865 C 3 C 1 2 3 1 2 3 
C 0 2 1 3 2 3 1 1 
C 1 2 0 1 3 2 3 2 
4 LC .7865 0 0 1 1 1 2 2 3 3 2 
C 1 3 2 1 0 1 3 2 	3 
C 3 1 3 2 1 0 2 C 3 
- 153 - 
S K E' ARRAY 
4 ii .7876 0 2 2 2 3 3 
C 1 0 3 2 1 
023013 
• 4 12 .7295 0 1 2 3 1 2 
023132 
031220 
.4 13 .7881 0 1 2 3 0 1 
023113 
C 3 1 2 1 2 
4 14 .788C C 1 2 1 2 3 
C 0 2 1 3 0 
C3cJOIL 
4 15 .7885 0 3 1 2 3 0 
031301 
Cccli' 
4 16 .7895 C 1 2 3 c I. 
012312 
c000li 
5 6 .7737 C 2 3 4 1 1 
032143 
014232 
5 7 .7736 C 1 2 3 4 1 
033214 
021423 
5 8 .7756 C 1 2 3 4 1 
C's 32 20 
C31's34 
5 9 .7782 0 3 4 1 2 3 
C1C332 
C 3 1 2 1 4 
5 10 .7808 0 1 2 3 4 1 
C 3 2 1 C 4 
C 2 C 3 1 3 
5 11 .7788 C 2 3 4 1 2 
C 3 2 1  
C14232 
5 12 .7784 C U 1 2 4 1 
C 1 0 4 2 3 
C 1 4 2 3 2 
5 13 .7788 C 4 1 3 C 1 
C 1 4 2 3 2 
023431 
5 14 .7797 C 3 4 1 2 3 
010332 
031214 
5 15 .7808 C 1 2 3 4 1 
0 3 2 1 C 4 
020313 
5 16 .7799 0 2 3 4 1 2 
032144 






3 3 C 2 1 1 




























2 	1 C 4 2 3 
031341 
2340122 








34 C 1234011 
3210043213 
0314314202 
- 154 -  
S K El ARRAY ' 
5 17 .7796 0 2 3 4 C 1 2 3 4 1 2 3 4 0 1 2 1 
01104322 143321042 
04314204231031421 
5 18 .7198 0 3 1 2 3 4 0 1 2 3 't C 1 2 3 4 1 4 
014321104322104330 
C 33142142032031421 
5 19 .7802 0 2 3 4 C 1 2 3 4 0 1 2 3 4 1 2 3 4 1 
0043321044321043211 
C 3 1 4 3 1 4 2 C 4 2 0 3 1 3 1 4 2 0 
5 20 .7808 0 1 2 3 4 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 
0 3 2 1 C 4 3 2 110432210434 
C 2 C 3 1 3 1 4 2 1 4 2 0 3 2 0 3 1 4 4 
6 1 .7706 0 3 'I 5 1 2 3 
0452311 
0213245 
8 .1692 0 2 3 4 5 1 4 1 
04152320 
01513245 
6 9 .7701 C 4 5 1 2 3 4 1 3 
053415212 
002241354 
6 10 .7717 0 2 3 4 5 1 2 4 5 3 
0415231254 
0352440512 
6 11 .7735 C 2 3 4 5 1 2 3 4 5 1 
C 4 1 5 2 3 1 4 2 5 0 
03524402511 
6 12 .7753 C 1 2 3 4 5 0 2 3 4 5 1 
031425341520 
040251335241 
6 13 .7738 0 3 4 5 C 1 2 3 4 5 1 2 2 
C 5 2 0 3 1 4 2 5 3 4 1 3 
0151302424351 
6 14 .7733 C 1 2 3 4 5 0 1 2 3 4 5 5 1 
C3142530415242 
C 4025131352403 
6 15 .7734 C 2 3 4 5 0 1 2 3 4 5 1 3 A 1 
014253041523315 
0 4 2 4 C 3 5 1 5 1 3 2 1 3 4 
6 16 .7738 C 3 4 5 1 2 3 4 5 0 1 2 4 5 2 1 
C2534152C3144203 
C 4 2 4 3 5 1 5 1 3 0 2 1 3 4 2 
6 17 .7745 C 1 2 3 4 5 0 2 3 4 5 1 2 4 5 3 1 
C 3 1 4 2 5 3 4 1 5 2 2 0 1 4 3 0 
04025133524354011 
7 8 .7674 0 5 6 1 2 3 4 4 
C 2 1 6 5 4 3 2 
C 6 3 4 1 5 2 1 
7 9 .7663 C 3 5 6 1 2 3 4 A 
C32165432 
C 4 6 3 4 1 5 2 1 
155 - 
S K E' ARRAY ' 
7 10 .7667 C 3 5 6 1 2 3 4 1 4 
0321654352 
0463415231 
7 11 .7676 C 1 2 3 5 6 1 2 3 4 4 
0 5432165432 
03046341521 
7 12 .7688 C 1 e 3 5 6 1 2 3 4 5 4 
C 5 4 3 1 1 6 5 4 3 2 2 
030453L,15261 
7 13 .7701 C 1 2 3 5 6 1 2 3 4 5 6 4 
C 5431065 4 3212 
C 3 C 4 5 2 4 1 5 2 6 3 1 
7 14 .7714 C 1 2 3 4 5 6 1 2 3 4 5 6 0 
05432106543216 
03041524152636 
7 15 .7703 C 1 2 3 11 5 6 0 1 2 3 4 5 6 4 
0 6 5 4 3 2 1 1 C 6 5 4 3 2 2 
0 4 1 5 2 6 3 1 5 2 6 3 C 4 	1 
8 9 .7657 0 5 6 7 1 2 3 4 5 
027341526 
034625711 
8 10 .7644 0 4 4 5 6 7 1 2 3 5 
0263145164 
0512463573 
8 11 .1643 C 4 5 6 7 1 2 3 4 2 5 
C 6 2 7 3 4 1 5 2 5 6 
02514372631 
8 12 .7649 C 3 4 5 6 7 1 2 3 4 6 5 
026314516237 
012615473652 
8 13 .7656 C 2 3 4 5 6 7 1 2 3 4 6 5 
0526374516237 
C 3 7 2 6 1 5 4 7 3 6 5 2 
9 IC .7639 0 1 8 1 2 3 4 5 6 7 
C218765432 
C563847126 
9 11 .7629 04'56781235 
C7543218?66 
C21258436?8 
9 12 .7624 C 6 4 4 5 6 7 8 1 2 3 5 
C87543218766 
002125843678 
- 156 - 
TABLE 0.1 
PROPERTIES CF 	(0,1,2)-DESIGNS , R=2 , 5V100 
V 	S 	K P E(MIN) 	E 	2(C) 	2(1) 	 [(2) 	CCTRCLS 
5 2 3 1 .4167 
6 2 3 0 .3333 
7 2 4 1 .4167 
8 2 's 0 .5C0C 
10 3 4 2 .4167 
11 3 4 1 .3750 
12 3 4 0 .375C 
13 3 5 2 .3581 
14 3 	5 1 .3681 
15 3 5 0 .40CC 
16 3 6 2 .4CCC 
17 4 5 3 .4250 
17 3 6 1 .4333 
18 4 5 2 .40CC 
18 3 6 0 .5CCC 
19 4 5 1 .4CCC 
19 3 7 2 .4524 
20 4 5 0 .4CCO 
20 3 7 1 .4286 
21 	1* 	6 3 .3785 
21 3 7 0 .4286 
22 4 6 2 .3856 
22 3 8 2 .4170 
23 4 6 1 .3688 
23 3 8 1 .4203 
24 4 6 0 .3821 
24 3 8 0 .4315 
25 4 7 3 .3764 
25 3 92 .4375 
26 5 6 4 .4333 
26 4 7 2 .4030 
26 3 9 1 .4583 
27 5 6 3 .4167 
27 4 7 1 .3986 
27 3 9 0 .5CCC 
28 5 6 2 .4167 
28 4 7 0 .4286 
29 5 6 1 .4167 
29 4 8 3 .4286 
30 5 6 0 .4167 
30 4 8 2 .4286 
31 5 7 4 .3938 
31 4 8 1 .4464 
32 5 7 3 .3965 
32 4 8 0 .5CCC 







































































































































































































































- 157 - 
V 	S 	K P E(MIN) 
	
E 	E(C) 	Eli) 	E(2) 	C0tTRCLS 
33 4 9 3 .4583 
34 5 7 1 .3781 
34 4 9 2 .4444 
35 5 7 0 .3844 
35 4 9 1 .4444 
36 5 8 4 .3755 
36 4 	C .4444 
37 6 7 5 .4405 
37 5 8 3 .3814 
37 4 10 3 .4302 
38 6 7 4 .4286 
38 5 8 2 .3851 
38 4 IC 2 .4341 
39 6 7 3 .4286 
39 5 8 1 .3829 
39 4 10 1 .L225 
40 6 7 2 .4286 
40 5 8 0 .3989 
40 4 10 0 .4293 
41 6 7 1 .4286 
41 5 9 4 e3963 
41 4 11 3 .4252 
42 6 7 0 .4286 
42 5 9 3 .4C67 
42 4 11 2 .4407 
43 6 8 5 .4C58 
43 5 9 2 .4199 
43 4 11 1 .4313 
44 6 	8 ti .4061 
44 5 9 1 .4183 
44 4 11 0 .4545 
45 6 8 3 .4023 
45 5 9 C .4444 
45 4 12 3 .4545 
46 6 8 2 .3935 
46 5 10 4 .4444 
46 4 12 2 .4545 
47 6 8 1 .3884 
47 5 10 3 .4444 
47 4 12 1 .4659 
48 6 8 0 .3917 
48 5 10 2 .4444 
48 4 12 0 .5CCC 
49 6 9 5 .3899 
49 5 10 1 .4556 
49 4 13 3 .4712 
50 7 2 6 .4464 
50 6 9 4 .3956 
50 5 Ic o .SCCO 
50 4 13 2 .4615 
51 7 8 5 .4375 
51 6 9 3 .4027 
51. 	5 11 4 .4636 













































































































2) •8916( 1) 
7) .8683( 1) 
3) .8941( 1) 
5) .8716( 0) 
3) .8966( 0) 
6) .8749( 1) 
3) .8989( 0) 
2) .8600( 1) 
6) .8780( 2) 
4) .9013( 1) 
5) .8628( 2) 
6) .8810( 1) 
4) .9037( 1) 
5) .8654( 2) 
6) .8838( 1) 
4) .9C59( 0) 
5) .8679( 2) 
4) .8865( 0) 
3) .9080( 0) 
5) .8704( 1) 
5) .8893( 1) 
.9102( 2) 
5) .8727( 0) 
5) .8918( 1) 
3) .9122( 1) 
6) .8753( 1) 
5) .8943( 1) 
3) .9142( 0) 
6) .8771( 1) 
5) .8966( 1) 
2) .9160( 0) 
7) .8800( 1) 
3) .8989( 0) 
2) .9179( 0) 
6) .8822( 1) 
3) .9011( 1) 
2) .9198( 1) 
5) •8843( 1) 
3) .9033( 1) 
1) .9215( 0) 
4) .8864( 0) 
3) .9053( 1) 
0) .9231( 0) 
5) .8885( 1) 
2) .9073( 0) 
.9245( 0) 
.8770( 1) 
6) .8905 	1) 
0) .9C91( 0) 
2) .9258( 1) 
4) .8788( 1.) 
5) .8925( 1) 
•9106( 0) 
.9271( 0) 
1.000( 0) 0312 
1.CC0( 0) 01234 
]..CC0( 0) 0132 
1.000( 0) 01234 
1-COO( 0) 0123 
1.000( 0) 04123 
1.000( 0) 0123 
1.000( 0) 05123 
1.000( 0) 01423 
i.000( 0) 0312 
1.000( 0) 01523 
1.CCO( 0) 01243 
1.000( 0) 0132 
1.000( 0) 01253 
1.00O( 0) 01.234 
1.CCO( 0) 0123 
1.CCO( 0) 01235 
1.000( 0) 01234 
1.000( 0) 0123 
1.000( 0) 01234 
1.000( 0) 04123 
1.00C( 0) 0312 
1.000( 0) 01234 
1.CU0( 0) 01423 
1.000( 0) 0132 
1.000( 0) 05123 
1.000( 0) 012 1.3 
1.00O( 0) 0123 
1.000( 0) 01523 
1.000( 0) 01234 
1.00CJ( 0) 0123 
1.000( 0) 01253 
1.000( 0) 01234 
1.000( 0) 0312 
1.000( 0) 01235 
1.000( 0) 04123 
1.000( 0) 0132 
1.000( 0) 01234 
1.000( 0) 01423 
1.CCU( 0) 0123 
i.CCO( 0) 01234 
1.000( 0) 01243 
1.000( 0) 0123 
1.CG0( 0) 05123 
I-(-CO( 0) 01234 
1.000( 0) 0312 
1.000( 0) 06123 
1.000( 0) 01523 
1.000( 0) 01234 
1.000( 0) 0132 
1.000( 0) 01623 
1-COO( 0) 01253 
1.000( 0) 04123 
1.000( 0) 0123 
- 158 - 
V 	S 	K P E(MIN) 	E 	E(C) 	Eli) 	E(2) 	CONTRCLS 
52 7 8 4 .4375 .8076 .7E56 ( 4) 
52 6 9 2 .4C3C .2298 .8C48( 5) 
52 5 11 3 .4545 .8637 .83781 2) 
52 4 13 0 .4615 .8936 .86511 2) 
53 7 	8 3 .4375 .8C99 .72801 4) 
53 6 9 1 .40CC .8326 .RC?Y( 5) 
53 	5 11 2 .4545 .2656 .83991 2) 
53 4 14 3 .4510 .8955 .86731 2) 
54 7 8 2 .4375 .8121 .7903( 4) 
54 	6 9 0 .4C38 .8352 .81081 It ) 
54 5 11 1 .4545 .8674 .8419( 2) 
54 4 14 2 .4543 .8972 .86941 2) 
55 	7 	8 1 .4375 .142 .79251 4) 
55 6 10 5 .3845 .8380 .8139( 4) 
55 	5 11 0 .4545 .691 .8438( 2) 
55 4 14 1 .4450 .2989 .87141 2) 
56 	7 8 0 .4375 .8163 .7946( 4) 
56 6 10 4 .3876 .8',O9 .8170( 5) 
56 	5 12 4 .4401 .8711 .84611 3) 
56 4 14 0 .4495 .9C04 .87331 2) 
51 7 9 6 .4155 .8188 .7973( 5) 
57 6 10 3 .4CC1 .8436 .82011 4) 
57 5 12 3 .4416 .8731 .8483( 3) 
57 4 15 3 .4463 .9022 .87551 2) 
58 7 9 5 .4143 .8212 .7998( 5) 
58 6 10 2 .3968 .8462 .82301 4) 
58 	5 12 2 .4355 .6749 .85C4( 3) 
58 4 15 2 .4573 .9C39 .87751 2) 
59 7 9 4 .4133 .8236 .8C23( 5) 
59 6 10 1 .3990 .8486 .82571 4) 
59 5 12 1 .4295 .8767 .85241 3) 
59 4 15 1 .4546 .9054 .87951 2) 
60 7 9 3 .4055 .8252 .8C41( 5) 
60 6 10 0 .4134 .8510 .82841 3) 
60 5 12 0 .4326 .2784 .8543( 2) 
60 4 15 0 .4667 .9C69 .8214( 1) 
61 	7 9 2 .4009 .828C .8C7C( 5) 
61 6 11 5 .4 121 .8535 .83121 3) 
61 	5 13 4 .'i264 .8803 .85651 3) 
61 4 16 3 .4667 .9086 .8834( 1) 
62 7 9 1 .3980 .8301 .8C53( 4) 
62 6 11 4 	4168 .8560 .8339( 4) 
62 5 13 3 .4296 .2821 .85861 2) 
62 	4 16 2 .4667 .9101 .2254( 1) 
63 7 9 0 .3999 .8321 .8115( 3) 
63 6 11 3 .4250 .8583 .83661 4) 
63 5 13 2 .4311 .2832 .86061 2) 
63 4 16 1 .4750 .9116 .82731 1) 
64 	7 IC 6 .3961 .8344 .21391 4) 
64 6 11 2 .4311 .8605 .3911 4) 
64 	5 13 1 .429C .8855 .86251 2) 
64 4 16 C .5CCC .913C .8289( 0) 
65 	8 	9 7 .4514 .2201  .8C21( 2) 
65 7 10 5 .397C .8367 .8164( 5) 
.88C6( 1) 1.000( 0) 01263 
.8944( 1) 1.CC0( 0) 01235 
.9120( 1) 1.000( 0) 01423 
.9282( 0) 1.000( 0) 0123 
.8824( 1) 1.000( 0) 01236 
.8962( 1) 1.000( 0) 01234 
.9134( 1) 1.000( 0) 01243 
.9295( 0) 1.000( 0) 0312 
.8841( 1) 1.000( 0) 01234 
.8980( 0) 1.000( 0) 01234 
.9148( 0) 1.000( 0) 01234 
.9307( 0) 1.000( 0) 0132 
.8857( 1) 1.000( 0) 01234 
.89981 1) 1.000( 0) 05123 
.91601 0) 1.000( 0) 01234 
.9318( 0) 1.000( 0) 0123 
.8873( 0) 1.000( 0) 01234 
.9015( 1) l.000( 0) 01523 
.9174( C) 1.CuO( 0) 04123 
.9329( 0) 1.000( 0) 0123 
.8890( 1) 1.000( 0) 06123 
.9031( 1) 1.00O( 0) 01253 
.9188( 1) 1.000( 0) 01423 
.9341( 0) 1.000( 0) 0312 
.89C7( 1) 1.000( 0) 01623 
.9047( 1) 1.000( 0) 01235 
.92C0( 1) 1.000( 0) 01243 
.9352( 0) 1.000( 0) 0132 
.8923( 1) 1.000( 0) 01263 
.9063( 1) 1.000( 0) 01234 
.9212( 0) 1.CCO( 0) 01234 
.9363( 0) 1.000( 0) 0123 
.8938( 1) 1.CCO( 0) 01236 
.9078( 0) 1-COO( C) 01234 
.9224( 0) 1.CCO( 0) 01234 
.93721 0 1.00O( 0) 0123 
.8953( 1) 1.000( 0) 01234 
.9C93( 1) 1-COO( 0) 05123 
.9236( 0) 1.CCC( 0) 04123 
.9384( 0) 1.CCO( 0) 0312 
.8968( 1) 1.CCO( 0) 01234 
.9107( 1) 1.00C( 0) 01523 
.9247( 1) 1.000( 0) 01423 
.9394( 0) 1.000( 0) 0132 
.8982( 0) 1.000( 0) 01234 
.9121( 1) 1.000( 0) 01253 
.9258( 1) 1.000( 0) 01243 
.9404( 0) 1-COO( 0) 0123 
.2996( 1) 1.000( 0) 0123 
.9135( 1) 1.000( 0) 01235 
.9270( 0) 1.000( 0) 01234 
.9412( 0) 1.00O( 0) 0123 
.903( 0) 1.000( 0) 07123 
.9010( 1) 1.000( 0) 01623 
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V 	S 	K P E(P'IN) 
	
E 	E- (C) 	E(1) 	8(2) 	CONTROLS 
65 6 11 1 .4318 .8627 .8415( 3) .9148( 0) 1.000( 0) 01234 
65 5 13 0 .4318 .8871 .8644( 2) .9281( 0) 1.000( 0) 01234 
66 8 9 6 .4444 .8220 .8C40( 3) .8916( 1) 1.000( 0) 01723 
66 7 IC 4 .4014 .6388 .8187( 4) .9C24( 1) I.000( 0) 01263 
66 6 11 0 .4545 .8647 .8439( 2) .9160( 0) 1..000( 0) 01234 
66 5 14 4 .4359 .8889 .8664( 2) .9291( 0) 1.00C( 0) 04123 
67 8 9 5 .4444 .8238 .8C58( 3) .8929( 1) 1.000( 0) 01273 
67 7 10 3 .4055 .8409 .8210( 4) .9037( 1) I.CCO( 0) 01236 
67 6 12 5 .4545 .8669 .84631 2) .9173( 0) 1.000( 0) 05123 
67 5 14 3 .4422 .89C5 .8684( 2) .301( 1) 1.000( 0) 01423 
68 8 9 4 .4444 .8255 .2C76( 3) .8942( 1) 1.000( 0) 01237 
68 7 IC 2 .4072 .8429 .8232( 4) .9050( 1) 1.100( 0) 01234 
68 6 12 4 .4545 .8690 .8486( 2) .9186( 1) 1.000( 0) 01523 
68 5 14 2 .4498 .8921 .8702( 2) .9311( 0) 1.CCO( 0) 01243 
69 8 9 3 .44',4 .8272 .8C94( 3) .8954( 1) 1.000( 0) 01234 
69 7 10 1 .4116 .2449 .8253( 4) .9063( 1) 1C00( 0) 01234 
69 6 12 3 .4545 .8710 .8509( 2) .9197( 1) 1.000( 0) 01253 
69 5 14 1 .448? .8937 .8721( 2) .9321( 0) 1.CCO( 0) 01234 
70 8 9 2 .44's's .8288 .8111( 3) .8966( 1) 1.000( 0) 01234 
70 7 10 0 .4293 .8467 .8273( 3) .9C74( 0) 1.000( 0) 01234 
70 6 12 2 .4545 .8729 .8531( 2) .9209( 1) 1.000( 0) 01235 
70 5 1, 4 0 .4o43 .8951 .8738( 2) .9330( 0) 1.1001 0) 01234 
71 8 9 1 .4444 .8304 .8127( 3) .8978( 0) 1.000( 0) 01234 
71 7 11 6 .3869 .8487 .8294( 4) .9087( 1) 1.000( 0) 06123 
71 6 12 1 .4621 .8747 .8552( 1) .9220( 0) 1.000( 0) 01234 
71 5 15 4 .4643 .8967 .8756( 2) .9340( 0) 1.CCC( 0) 04123 
72 8 9 0 .4444 .8319 .143( 3) .8989( 0) 1.000( 0) 01234 
72 7 11 5 .3905 .8517 .8316( 4) .9099( 1) 1.000( 0) 01623 
72 6 12 C .5CCO .8765 •8571( 0) .9231( 0) 1.100( 0) 01234 
72 5 15 3 .4643 .8982 .8774( 2) .9349( 0) 1.CCO( 0) 01423 
73 8 IC 7 .4233 .8337 .162( 4) .9CO2( 1) 1.UCO( 0) 07123 
73 7 11 4 .4CC4 .8526 .8337( 4) .9111( 1) 1.00C( 0) 01263 
73 6 13 5 .4619 .8779 .8587( 1) .9241( 0) 1.000( 0) 05123 
73 5 15 2 .4643 .8997 .8791( 2) .9358( 0) 1.000( 0) 01243 
74 8 IC 6 .4214 .8354 .8120( 4) .9C13( 1) 1CC0( 0) C1723 
74 7 11 3 .4101 .8545 .8358( 4) .9122( 1) 1.000( 0) 01236 
74 6 13 4 .4615 .8792 .86CU( 2) .9250( 1) 1.CC0( C) 01523 
14 5 15 1 .4114 .9011 .8808( 1.) .9367( 0) 1.010( 0) 01234 
75 8 10 5 .4221 .8372 .8198( 5) .9024( 1) 1.CCC( 0) 01273 
75 7 11 2 .4105 .8563 .8377( 3) .9133( 1) 1.000( 0) 01234 
75 o 13 3 .'iolb .8814 .8614( 2) .9258( 1) 1.00C( 0) 01253 
75 5 15 0 .5000 .9024 .8824( 0) .9375( 0) 1.CO0( 0) 01234 
76 8 10 4 .415C .8386 .8216( 5) .9035( 1) 1.CC0( 0) 01237 
76 7 11 1 .4168 .6580 .8397( 3) .9144( 0) 1.000( 0) 01234 
76 6 13 2 .4615 .8816 .8627( 2) .9267( 1) 1.100( C) 01235 
76 5 16 4 .4750 .9035 .8236( 1) .9383( 0) 1.000( 0) 04123 
77 8 10 3 .4109 .84C4 .8233( 5) .9046( 1) 1.000( 0) (31234 
17 7 11 0 .4357 .8597 .8415( 2) .91541 0) 1.000( 0) 01234 
71 6 13 1 .4615 .8827 .8640( 2) .9275( 0) 1.CCC( 0) 01234 
77 5 16 3 .4687 .9045 .8648( 1) .9390( 0) 1.CCO( 0) 01423 
78 8 10 2 .4083 .842C .825C( 4) .9057( 1) 1.000( 0) 01234 
78 7 12 6 .3954 .8614 .8434( 3) .9165( 0) 1.CCO( 0) 06123 
78 6 13 0 .4615 .8836 .8653( 2) .9262( C) 1.CCO( (3) 01234 
78 5 16 2 .4687 .9055 .8659( 1) .9398( 0) 1.00O( 0) 01243 
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V S K P [(MIN) 
	
E(0) 	EU) 	[(2) 	CCNTROLS 
79 8 10 1 .4065 
79 7 12 5 .3972 
19 6 14 5 .4476 
79 5 16 1 .4687 
80 8 10 U .4076 
80 7 12 4 .4047 
80 6 14 4 .4476 
80 5 16 0 .4687 
81 	8 11 7 .4028 
81 7 12 3 .4102 
81 	6 l'i 3 .4448 
81 5 17 4 .4582 
82 9 10 8 .4556 
82 8 11 6 .4C19 
82 7 12 2 .4089 
82 6 14 2 .4396 
82 5 17 3 .4593 
83 9 IC 7 .45CC 
83 8 11 5 .4U38 
83 	7 12 1 .4126 
83 6 14 1 .4365 
83 5 17 2 .4547 
24 9 10 6 .45Cc 
84 8 11 4 .4C74 
84 7 12 0 .4249 
84 6 14 0 .4381 
84 5 17 1 .45C4 
85 9 10 5 .45CC 
85 8 11 3 .4081 
85 7 13 6 .4242 
85 6 15 5 .4369 
85 	5 17 0 .4524 
86 9 10 4 .43CC 
86 8 11 2 .4074 
86 7 13 5 .4267 
86 6 15 4 .43Y 
86 5 18 4 .4 4 77 
87 9 10 3 . 1i5CC 
87 	8 11 1 .4119 
87 7 13 4 .4306 
87 6 15 3 .4430 
87 5 18 3 .4499 
88 9 10 2 .45CC 
88 	8 11 0 .4213 
28 7 13 3 .4373 
88 6 15 2 .4424 
23 	5 18 2 .4507 
89 9 10 1 .45CC 
29 2 12 7 .385 
89 7 13 2 .4398 
89 6 15 1 .'403 
89 5 18 1 .4491 
90 9 10 0 .45CC 










































































































.8 1381(  
• 8304( 
.8443 
4) .9067( 0) 
3) .9176( 1) 
2) .9291( 0) 
1) .94041 0) 
3) .9077( 0) 
3) .9185( 1) 
2) •9299( 0) 
1) .941C( 0) 
3) .9088( 0) 
3) .9195( 1) 
2) .30o( 0) 
1) .941?( C) 
1) .9010( 0) 
4) •9C98( 1) 
3) .92C5( I) 
2) .93141 0) 
2) .94241 0) 
3) .9020( I) 
4) .9107( 1) 
3) .92141 0) 




2) .9223( 0) 
2) .9329( 0) 
1) •9'.37( 0) 
3) .9C39( 1) 
4) .9127( 1) 
3) .9232( 0) 
2) .9336( 0) 
1) .9443( 0) 
3) .9048( I) 
3) .9136( 1) 
3) .9241( 1) 
•9344( 0) 
1.) .9449( 0) 
•9C57( 1) 
3) •9145( 0) 
3) .925CC 1) 
2) .9351( 0) 
1) .9455( 0) 
3) .9066( 1) 
3) .9154( 0) 
3) .9258( 1) 
2) •9358( 0) 
1) .946C( 0) 
3) •9C75( 0) 
3) .9163( 0) 
3) .9266( 1) 
.9365( a) 
1) .cJ467( 0) 
•9083( 0) 
.917I( 1) 
1.000( 0) 01234 
1.000( 0) 01623 
1.CC0( 0) 05123 
1.000( 0) 01234 
1.000( 0) 01234 
1.CCO( 0) 01263 
1.COC( 0) 01523 
1.000( 0) 01234 
1.CCO( 0) 07123 
1.000( 0) 01236 
1.000( 0) 01253 
1.000( 0) 04123 
1.000( 0) 08123 
1.000( 0) 01723 
l.CCO( 0) 01234 
1.000( 0) 01235 
1.CCO( 0) 01423 
1.CCO( 0) 01823 
1.000( 0) 01273 
I.000( 0) 01234 
I.CCO( 0) 01234 
1.000( 0) 01243 
1.00O( 0) 01283 
1.uCO( 0) 01237 
1.CCC( 0) 01234 
1.000( 0) 01234 
1.000( 0) 01234 
i.CC0( 0) 01238 
1.00C( C) 01234 
1.CCO( 0) 06123 
1.000( 0) 05123 
1.CCO( 0) 01234 
1.00C( 0) 01234 
1.CCO( 0) 01234 
1.000( 0) 01623 
1.CCO( 0) 01523 
I.CCO( 0) 04123 
1.00C( 0) 01234 
1.000( 0) 01234 
1.000( C) 01263 
1.CC0( 0) 01253 
1.000( 0) 01423 
1.000( 0) 01234 
1.000( 0) 01234 
1.CCO( 0) 01236 
1.000( 0) 01235 
1.000( 0) 01243 
1.000( C) 01234 
1.CCO( 0) 07123 
1.CCO( 0) 01234 
1.000( 0) 01234 
1.000( 0) 01234 
1.CCO( 0) 01234 
1.00O( 0) 01723 
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V 	S 	K P h.(tIN) 
	
E 	E- 10) 	ELI) 	E(2) 	CCNTRCLS 
90 7 13 1 .4415 .6796 .8638( 2) .9275( 0) 1.CCO( 0) 01234 
90 6 15 0 .4423 .8975 .8606( 1) .9371( 0) 1.000( 0) 01234 
90 5 16 C .4551 .9166 .8992( 1) .9472( 0) 1.CCO( 0) 01234 
91 9 11 8 .4299 .8464 .8319( 3) .9092( 0) 1.000( 0) 08123 
91 8 12 5 .3945 .6614 .8458( 3) .9180( 1) 1.000( 0) 01213 
91 7 13 0 .4615 .8811 .8653( 2) .9282( 0) 1.CCC( 0) 01234 
91 6 16 5 .4302 .8986 .2618( 2) .9378( 0) 1.000( 0) 05123 
91 5 19 4 .4537 .9177 .9CC21 1) .9478( 0) 1.CCO( 0) 04123 
92 9 11 7 .4275 .8477 .8332( 4) .9101( 1) 1.000( 0) 01823 
92 8 12 4 .4028 .8626 .8474( 3) .9188( 1) 1..CCO( 0) 01237 
92 7 14 6 .4615 .8825 .6668( 2) .9291( 0) 1.CCU( 0) 06123 
92 6 16 4 .4319 .8997 .0830( 2) .938'1( 0) 1.CCO( 0) 01523 
92 5 19 3 .4581 .9186 .9C13(' 1) .9484( 0) 1.000( 0) 01423 
93 9 11 6 .4287 .849C .8346( ) .9109( 1) 1.000( 0) 01283 
93 8 12 3 .4038 .8641 .8488( 3) .9196( 1) 1.CuO( 0) 01234 
93 7 14 5 .4615 .8838 .8682( 2) .9299( 1) 1.000( 0) 01623 
93 6 16 3 .4391 .9CC7 .8842( 2) .9390( 0) 1.000( 0) 01253 
93 5 1' 2 .4635 .9195 .9C23( 1) e9489( 0) 1.000( 0) 01243 
94 9 11 5 .4228 .8502 .8359( 4) .91111 1) 1.CCO( 0) 01238 
9' 8 12 2 .4046 .8654 .8502( 3) .92C4( 1) 1.000( 0) 01234 
94 7 14 4 .4615 .8851 .8691( 2) .9306( 1) 1.000( 0) 01263 
94 6 16 2 .4366 .9CI1 .'254( 2) .9396( 0) 1.00O( 0) 01235 
94 5 19 1 .4626 .9203 .9C33( 1) .9494( 0) 1.000( C) 01234 
95 9 11 4 .4190 .8515 .8313( 4) .9125( 1) 1.00C( 0) 01234 
95 8 12 1 .4108 .8667 .8516( 3) .9212( 0) 1.000( 0) 01234 
95 7 14 3 .4615 .8863 .8711( 2) .9313( 1) 1.000( 0) 01236 
95 6 16 1 .4317 .9021 .8865( 2) .9403( 0) 1.CC0( 0) 01234 
95 5 19 C .4737 .9212 .9C43( 1) .9499( 0) 1.CCO( 0) 01234 
96 9 11 3 .4166 .8521 .938o( 4) .9133( 1) 1.000( 0) 01234 
96 8 12 0 .4167 .8619 .8530( 2) .9220( C) 1.CCO( C) 01234 
96 7 14 2 .4615 .8876 .8724( 2) .9320( 1) 1.000( C) 01234 
96 6 16 0 .4455 .9C37 .8876( 1) .9408( 0) 1.000( 0) 01234 
96 5 20 4 .4737 .9220 .9054( 1) .9504( 0) 1.000( 0) 04123 
97 9 11 2 .4150 .8538 .8399( 3) .9141( 1) 1.COC( 0) 01234 
97 8 13 7 .3907 .8692 .8544( 3) .9228( 0) 1.000( 0) 07123 
97 7 14 1 .4670 .2881 .8737( 1) .9327( 0) I.000( 0) 01234 
97 6 17 5 .4449 .9047 .8286( 2) .9415( 0) 1.000( 0) 05123 
97 5 20 3 •4737 .9229 .5C64( 1) .951C( 0) 1.CCO( 0) 01423 
98 9 11 1 .4138 .55C .E'ill( 3) .9149( 0) 1.000( 0) 01234 
98 8 13 6 .3529 .8705 .8558( 3) .9235( 1) 1.000( 0) 01723 
98 7 14 0 .5000 .8899 .8750( 0) .9333( 0) 1.000( 0) 01234 
98 6 17 4 .4479 .9057 .E899( 2) .9421( 0) 1.CCO( 0) 01523 
98 5 2C 2 .4737 .9237 .9C73( 1) .9515( 0) 1.CCO( 0) 01234 
99 9 11 C .4146 .8561 .8423( 2) .9156( 0) 1.000( 0) 01234 
99 8 13 5 .3590 .8718 .8572( 3) -9243( 1) 1.000( 0) 01273 
99 7 15 6 .4714 .8902 .8761( 1) .9340( 0) 1.000( 0) 06123 
99 6 17 3 .4528 .9066 .8510( 2) .9427( 0) 1.000( 0) 01253 
99 5 20 1 .4789 .9245 .9C82( 0) .9520( 0) 1.CCO( 0) 01234 
iCC 9 12 8 .4C94 .8573 .8436( 3) .9164( 0) 1.CCC( 0) 0123 
iCC 8 13 4 .4089 .8730 .8586( 3) .9250( 1) 1.000( 0) 01237 
100 7 15 5 .4667 .8917 .8771( 1) .9346( 0) I.CCO( 0) 01623 
ICC 6 17 2 .4564 .9C76 .8921( 2) .94331 0) 1.CCU( 0) 01235 
iCC 5 20 0 .SCCC .252 .9C91( 0) .9524( 0) 1.000( 0) 01234 
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TABLE 0.2 
PROPERTIES CF t'(0,1,2)-D[SIGNS , R=3 , 5V100 
















































5 2 3 1 .4444 
6 2 3 0 .5556 
1 2 	4 1 .6111 
8 2 4 0 .6667 
10 3 4 2 .5556 
11 3 4 1 .5CCO 
12 3 4 0 .5CCO 
13 3 5 2 .5310 
14 3 5 1 .5641 
15 3 5 0 .60CC 
16 3 6 2 .60CC 
17 4 5 3 .5000 
17 3 6 1 .6222 
18 4 5 2 .5396 
18 3 6 0 .6667 
19 4 5 1 .5451 
19 3 7 2 .6032 
20 4 5 0 .5333 
20 3 7 1 .5714 
21 4 6 3 .5367 
21 3 7 0 .5714 
22 4 6 2 .5326 
22 3 8 2 .5877 
23 4 6 1 .5382 
23 3 8 1 .6055 
24 4 6 0 .5556 
24 3 8 0 .6250 
25 4 7 3 .5556 
25 3 9 2 .6250 
26 5 6 4 .4859 
26 4 7 2 .5693 
26 3 9 1 .6389 
21 5 6 3 .4969 
27 4 7 1 .59C4 
27 3 9 0 .6667 
28 5 6 2 .5108 
28 4 7 0 .6190 
29 5 6 1 .5138 
29 4 8 3 .6190 
30 5 6 C .5556 
30 4 8 2 .619C 
31 5 7 4 .5263 
31 4 8 1 .6310 
32 5 7 3 .5341 
32 4 8 0 .667 




























































































.8636( 3)  
.81781 2) Cl 
.6511( 0) 01 
.8713( 0) 01 
.€e89( 0) 01 
.87151 0) 012 
.8783( 1) 102 
.8852( 0) 012 
.8939( 1) 012 
.9011( 1) 102 
.9076( C) 012 
.5132( 1) 012 
.8944( 1) 0231 
.5183( 1) 102 
.8984( 2) 0312 
.9231( 0) 012 
.5033( 1) 0123 
.9266( 0) 012 
.9074( 0) 0123 
.j297( 0) 102 
.5117( 1) 0213 
.9326( C) 012 
.9153( 1) 0123 
.5356( 0) 012 
.9184( 1) 0213 
.9383( 0) 1C2 
.c214( 0) 0123 
.5408( 0) 012 
.5246( 1) 0312 
.9431( 0) 012 
.106( 1) 04123 
.9275( 1) 0132 
.9453( 0) 102 
.9140( 1) 01432 
.53C2( 1) 0123 
.9474( 0) 012 
.9168( 1) 01243 
.5327( 0) 0123 
.5193( 1) 01234 
.5350( 0) 0312 
.9220( 0) 01234 
.372( 1) u132 
.9239( 1) 01234 
.5392( 0) 0123 
.9262( 1) 10234 
.412( 0) 0123 
.9283( 1) 12034 
- 163 - 
V S K P E(t1N) 
	
E 	E(0) 	Em 	E(2) 	CONTROLS 
33 4 9 3 .5555 .8729 .84C3( 3) .8893( 2) .9422( 0) 0312 
34 5 7 1 .5561 .8399 .8110( 3) .8676( 3) .5304( 1) 12304 
34 4 9 2 .5598 .8769 .8452( 3) .8926( 3) .S439( 1) 0132 
35 5 7 0 .5896 .8446 .8165( 1) .8714( 1) .5324( 0) 01234 
35 4 9 1 .5692 .88C6 .8498( 2) .8958( 2) .5455( 0) 0123 
36 5 8 4 .5714 .8487 .82C9( 3) .8747( 2) .9342( 0) 01234 
36 4 9 0 .5926 .8841 .8541( 1) .8988( 1) .5470( 0) 0123 
37 6 7 5 .5556 .8230 .1984( 4) .8577( 3) .5253( 0) 04512 
37 5 8 3 .5635 .8525 .8252( 3) .8778( 2) .9360( 1) 10234 
37 4 10 3 .5844 .E87C .8576( 2) .9012( 1) .9484( 0) 0231 
38 6 7 4 .5556 .8271 .8C29( 5) .8609( 3) .9272( 1) 05142 
38 5 8 2 .5644 .8561 .8292( 3) .8808( 2) .376( 1) 12034 
38 4 10 2 .5851 .e89 .8608( 2) .9035( 1) .5497( 0) 0312 
39 6 7 3 .5804 .8310 .8C71( 4) .8640( 3) .9284( 1) 01524 
39 5 8 1 .5693 .8595 .8331( 3) .8836( 2) .9390( 0) 12304 
39 4 10 1 .5930 .6923 .8639( 2) .057( 1) .9509( 0) 0123 
40 6 7 2 .5785 .8347 .8111( 4) .8670( 3) .9301( 1) 01253 
40 5 8 C .5833 .8626 .8367( 2) .8864( 1) .9405( 0) 01234 
40 4 10 0 .6000 .8947 .86681 2) .9C18( 1) .5521( 0) 0123 
41 6 7 1 .5714 .8381 .6149( 3) .8699( 2) .9314( 1) 01234 
41 5 9 4 .5833 .8661 .84C7( 3) .8891( 2) .9420( 0) 04123 
41 4 11 3 .5934 .8973 .8699( 2) .9100( 1) .5532( 0) 0312 
42 6 7 0 .5714 .8414 .8185( 2) .8727( 1) .c327( 0) 01234 
42 5 9 3 .5893 .8694 .8444( 3) .8917( 2) .5434( 1) 01432 
42 4 11 2 .6015 .8997 .8729( 2) e9121( 1) .9543( 0) 0132 
43 6 8 5 .5594 .8421 .8190( 3) .8136( 2) .5338( 0) 01234 
43 5 9 2 .533 .8725 .84801 3) .8942( 2) .9447( 1) 01243 
43 4 11 1 .5960 .9C2C .8751( 2) .9141( 1) •554( 0) 0123 
44 6 8 4 .5633 .8457 .8228( 3) .8763( 3) .352( 1) 12034 
44 5 9 1 .6061 .8754 .8514( 2) .8565( 1) .5459( 0) 01234 
44 4 11 0 .6C61 .9042 .8784( 2) .9160( 1) .5563( 0) 0123 
45 6 8 3 .5656 .649C .8266( 3) .8790( 3) .5365( 1) 21304 
45 5 9 0 .6296 .8781 .8547( 1) .8988( 1) .5471( 0) 01234 
45 4 12 3 .6364 .9065 .8813( 1) .9179( 1) .5573( C) 0123 
46 6 8 2 .5686 .8522 .8301( 3) .8815( 3) .5379( 1) 23140 
46 5 10 4 .6296  .8810 .8579( 2) .9011( 1) .9482( 0) 04123 
46 4 12 2 .6J64 .9081 .8840( 1) .9197( 1) .9583( 0) 0123 
41 6 8 1 .5678 .8552 .0335( 3) .8839( 2) .c392( 0) 23401 
47 5 10 3 .6296 .8836 .8610( 2) .9032( 1) .9493( 1) 01432 
47 4 12 1 .6'139 .9107 .8665( 1) .9215( 0) .9591( 0) 0123 
48 6 8 C .5678 .8581 .83681 2) .68631 1) .9404( 0) 01234 
48 5 IC 2 .6296 .8862 .8640( 2) .9053( 1) .5504( 1) 01243 
48 1 12 0 .667 .9126 .8889( C) .9231( 0) .SoCO( 0) 0123 
49 6 9 5 .5431 .589 .8374( 3) .8873( 2) .9413( 0) 05123 
49 5 10 1 .6370 .8886 .8669( 1) .9C73( 1) .c51( C) 01234 
49 4 13 3 .6111 .9136 .8859( 2) .92411 H .96071 0) 0123 
50 7 8 6 .5952 .8444 .8260( 1) .8169( 1) .9370( 0) 05612 
50 6 9 4 .5474 .8619 .84C7( 3) .88961 2) .5425( 1) 01523 
50 5 IC 0 .6667 .E9C9 .8656( C) .9091( 0) .524( 0) 01234 
50 4 13 2 .6227 .9153 .8519( 1) .9255( 1) .9614( 0) 1023 
51 7 8 5 .58.3 .8466 .8282( 2) .8768( 2) .9370( 0) 06152 
51 6 9 3 .5617 .8646 .8440( 3) .8918( 2) .5436( 1) 01253 
51 5 11 1 .6182 .8921 .8715( 1) .9106( 1) .9533( 0) 03412 
51 4 13 1 .6209 .9168 .8938( 1) .9269( 1) .5622( 0) 1203 
- 1(4 - 
V S K P E(MIN) 	E 	E- (G) 	EU) 	E(2) 	C0NTtCLS 
52 7 8 4 .5823 
52 6 9 2 .5640 
52 5 11 3 .6061 
52 4 13 0 .6154 
53 7 8 3 .5833 
53 6 9 1 .5668 
53 5 11 2 .6061 
53 4 14 3 .6149 
54 7 8 2 .5833 
54 6 9 0 .5926 
54 5 11 1 .6061 
54 4 14 2 .6117 
55 7 8 1 .5833 
55 6 10 5 .5681 
55 5 11 0 .6C61 
55 4 14 1 .6133 
56 7 8 0 .5823 
56 6 10 4 .5699 
56 5 12 4 .5873 
56 4 14 0 .6190 
57 7 9 6 .5639 
57 6 10 3 .5726 
51 5 12 3 .5944 
57 4 15 3 .619C 
58 7 95.5620 
58 6 10 2 .5780 
58 5 12 2 .6C32 
58 4 15 2 .6245 
59 7 9 4 .5646 
59 6 10 1 .5842 
59 5 12 1 .6056 
59 4 15 1 .6328 
60 	7 9 3 .5537 
60 6 10 0 .60CC 
60 5 12 0 .6217 
60 4 15 0 .6444 
61 7 9 2 .5454 
61 6 11 5 .6CCC 
61 5 13 4 .6098 
61 4 16 3 .6444 
62 1 9 1 .5439 
62 6 11 4 .ÔCCO 
62 5 13 3 .6047 
62 4 16 2 .6444 
63 7 9 0 .5464 
63 6 11 3 .60CC 
63 5 13 2 .6052 
63 4 16 1 .65CC 
64 7 10 6 .5695 
64 6 11 2 .6064 
64 5 13 1 .6078 
64 4 16 0 .6667 
65 8 9 1 .5833 
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2) .8806( 2) 
2) .8939( 2) 
1) .9121( 1) 
.9282( 1) 
.8824( 2) 
2) .8960( 2) 
I) •9134( 1) 
1) .9294( 1) 
2) •8841( 2) 
1) .8979( 1.) 








2) .9169( 1) 
1) .9329( 0) 
3) .889C( 2) 
3) •9031( 2) 
2) .9183( 2) 
1) .9341( 1) 
:3) .89C6( 2) 
3) .9C47C 2) 
2) .9197( 1.) 
•9352( 1) 
) .8922( 2) 
•9062( 1) 
2) .9211( 1) 
1) •9362( 1) 
3) .8938( 2) 
1) .9C?8( 1) 
1) .9223( 1) 
0) .9372( 0) 
3) .8952( 2) 
2) .9C93( 1) 
2) .9235( 1 
1) .9383( 0) 
3) .8967( 2) 
2) .91C7( 1) 
2) .9247( 1) 
.9393( 1) 
.8981( 1) 
2) .9121( 1) 
2) .9258( 1) 
0) .94C3( 0) 
2) .8996( 1) 
2) .9135( 1) 
.9269( 1) 
0) .9412( 0) 
.8893( 1) 
.901C( 1) 
.9374( 0) 01625 
•9447( 1) 01235 
.9541( 0) 04132 
.9629( 0) 0123 
.9383( 0) 01263 
.9451( 0) 01234 
.9549( 0) 01423 
.9635( 0) 0312 
.9392( 0) 01236 
.9468( 0) 01234 
.9556( 0) 01234 
.5642( 0) 0132 
.401( 0) 01234 
.5478( 0) 05123 
.9563( 0) 01234 
.5648( 0) 0123 
.54071 0) 01234 
•9487( 1) 01523 
.5570( 0) 01423 
.5654( 0) 0123 
•S4191 0) 01523 
.5496( 1.) 01253 
.9571( 0) 01243 
.660( Ci) 0312 
.9430( 1) 10256 
.5504( 1) 01235 
.5585( 0) 10234 
.c666( 0) 0132 
.5439( 1) 01235 
.5512( 0) 01234 
.592( 0) 12C34 
.671( 0) 0123 
.9441( 1) 10234 
.9520( 0) 01234 
.9593( 0) 01234 
.9677( 0) 0123 
.5455( 1) 12034 
.5528( 0) 05123 
.9605( 0) 0123 
.9682( 0) 0312 
.5461( 0) 12350 
.536( 0) 01523 
.9611( 0) 01432 
.5681( 0) 0132 
.9468( 0) 01234 
.5543( 0) 01253 
.i617( 0) 01243 
•S692( 0) 0123 
.9477( 0) 01623 
.9550( 0) 01235 
.5622( 0) 01234 
.5697( 0) 0123 
•S423( 0) 06112 
.9485( 1) 01263 
- 165 - 
V 	S 	K P E(MIN) 
	
E 	E(C) 	Eli) 
	
E(2) 	CCTRCLS 
65 6 Ii 1 .6166 .893e .8768( 1) .9148( 1) .9557( 0) 01234 
65 5 13 0 .6154 .9132 .8952( 1) .9280( 1) e9628( 0) 01234 
66 8 9 6 .5833 .8588 .8437( 3) .8908( 2) .5433( 1) 07162 
66 7 10 4 .5685 .8753 .8590( 3) .9C23( 2) .9493( 1) 10236 
66 6 11 0 .6364 .8954 .8787( 1) .9161( 0) .9564( 0) 01234 
66 5 14 4 .6154 .9146 .8568( 1) .9291( 1) .9634( 0) 04123 
67 8 9 5 .5833 .8607 .8457( 3) .8922( 2) .440( 1) 01726 
67 7 IC 3 .5667 .8769 .8608( 3) .9C36( 2) .55C0( C) 12034 
67 6 12 5 .6364 .8971 .88C5( 1) .9174( 1) .9510( 0) 05123 
61 5 1A 3 .6154 .9159 .8983( 1) .93C1( 1) .9639( 0) 01432 
68 8 9 4 .6014 .8625 .8476( 3) .8936( 2) .6446( 1) 01273 
68 7 10 2 .5677 .8785 .8626( 3) .9049( 2) .9506( 0) 12304 
68 6 12 4 .636's .8987 .8823( 1) .9186( 1) .S577( 0) 01523 
68 5 14 2 .62C7 .9171 .8S98( 1) .9311( 1) .9644( 0) 01243 
69 8 9 3 .5969 .8642 .8495( 3) .8950( 2) .5453( 1) 01237 
69 7 10 1 .5671 .8801 .8643( 2) .9062( 1) .9513( 0) 12340 
69 6 12 3 .6364 .9CO2 .8841( 1) .198( 1) .5583( 0) 01253 
69 5 14 1 .6298 .9183 .9C12( 1) .9321( 1) .s649( 0) 01234 
70 8 9 2 .5926 .8659 .8513( 3) .8963( 2) .9460( 1) 01234 
70 7 10 0 .5733 .8816 .8659( 2) .9074( 1) .9519( 0) 01234 
70 6 12 2 .6364 .9017 .8858( 1) .9209( 1) .S589( 0) 01235 
70 5 14 C .6429 .9195 .9C26( 0) .93311 0) .5654( 0) 01234 
71 8 9 1 .5926 .8675 .8530( 2) .8917( 1) .9465( 0) 01234 
71 7 11 6 .5527 .8830 e8674( 2) .9087( 1) .9525( 0) 01523 
71 6 12 1 .6414 .9031 .8274( 1) .9221( 0) .9594( 0) 01234 
71 5 15 4 .6429 .9206 .C4C( 1) .9341( 1) .5659( 0) 04123 
72 8 9 C .5926 .8691 .8547( 2) .8990( 1) .9471( 0) 01234 
72 7 11 5 .5561 .8846 .8692( 2) .9099( 1) .5532( 0) 10256 
12 6 12 0 .6667 .9045 .26891 0) .9231( 0) .SoCO( 0) 01234 
72 5 15 3 .6429 .9218 .9C53( 1) .9350( 1) .9664( C) 01432 
73 8 10 7 .5729 .8692 .8547( 2) .8994( 2) .9476( 0) 01723 
73 1 11 4 .5619 .8861 .87C9( 2) .9110( 1) .9538( G) 01235 
73 6 13 5 .6239 .9056 .89C3( 0) .9241( 0) .9605( 0) 04512 
73 5 15 2 .6429 .925 .9C66( 1) .9358( 1) .5669( 0) 01243 
74 8 10 6 .5730 .87C9 .8565( 3) .9C06( 2) .9's84( 1) 01273 
74 7 11 3 .5648 .8876 .8126( 2) .9122( 2) .544( 0) 10234 
74 6 13 4 .6154 .9066 .13614( 1) .9250( 1) .5610( 0) 05142 
74 5 15 1 .6 ,416 .924C .9(79( 0) .9367( 0) .9673( C) 01234 
75 8 10 5 .5721 .8725 .8583( 3) .9019( 2) .9490( 1) 10237 
15 7 11 2 .5665 .8891 .8742( 2) .9133( 1) .5550( 0) 12034 
75 6 13 3 .6154 .9C16 .8525( 1) .9259( 1) .96151 0) 01524 
75 5 15 0 .6667 .95C .9C91( 0) .9375( 0) .9677( 0) 01234 
76 8 10 4 .5740 .8741 .86C0( 3) .9031( 2) .9496( 1) 12034 
76 7 11 1 .57C9 .8905 .8757( 2) .9144( 1) .S556( 0) 12350 
76 6 13 2 .6154 .9086 .8536( 1) .9267( 1) .9620( 0) 01253 
76 5 16 4 .6333 .6255 .9103( 0) .9384( 0) .9682( 0) 03412 
11 8 10 3 .5772 .8751 .8617( 3) .9043( 2) .5503( 1) 12304 
77 7 11 0 .5i84 .8918 .8173( 1) .9154( 1) .5561( 0) 01234 
77 6 13 1 .154 .C56 .8547( 1) .9275( 1) .5624( C) C1234 
77 5 16 3 .6250 .S61 .9112( 1) .9391( 1) .9685( 0) 04132 
78 8 10 2 .5816 .6772 .8634( 2) .9054( 2) .9509( 1) 12340 
78 7 12 6 .5847 .8931 .8786( 2) .9165( 1) .5671 0) 06123 
78 6 13 0 .6154 .6105 .8957( 1) .9283( 1) .9629( 0) 01234 
78 5 16 2 .625C .9215 .9121( 1) .9391( 1) .9689( 0) 01423 
- 166 - 
V S K P E(MIN) 	E 	E(C) 	E(1) 	6(2) 	CONTROLS 
79 	8 10 1 .5825 .8787 .8650( 2) .9066( 2) .9514( 0) 12345 
79 7 12 5 .5847 .8944 .88C1( 2) .9175( 1) .5573( 0) 01623 
79 6 14 5 .5960 .9111 .8563( 2) .9288( 1) .9633( 0) 04512 
79 5 16 1 .6250 .9283 .9130( 1) .9404( 0) .9693( 0) 01234 
80 8 10 0 .60CC .8801 .8666( 1) .9C77( 1) .5520( 0) 01234 
80 	7 12 4 .5849 .6958 .8816( 2) .9185( 1) .9578( 0) 01263 
80 6 14 4 .5982 .9122 .8975( 2) .9291( 1) .5637( 0) 05142 
	
80 	5 16 0 .6250 .9290 .9139( 1) .9411( C) .S696( 0) 01234 
81 8 11 7 .5666 .6813 .8679( 3) .9081( 1) .5526( 0) 01324 
81 	7 12 3 .5862 .897C .8830( 2) .9195( 1) .9583( 0) 01236 
81 6 14 3 .6C42 .9132 .8581( 2) .93C5( 1) .5641( 0) 01524 
81 	5 17 4 .6121 .9296 .9145( 1) .94161 1) .5700( 0) 04123 
82 9 10 8 .6C74 .8708 .8586( 1) .9011( 1) .5498( 0) 01723 
82 	8 11 6 .5667 .2826 .8693( 3) .9C91( 1) .9532( 0) 1C234 
82 7 12 2 .5910 .8983 .8844( 2) .9205( 1) .9588( 0) 01234 
82 	6 14 2 .6011 .9143 .8959( 1) .9313( 1) .9a46( 0) 01253 
82 5 17 3 .6168 .9305 .9155( 1) .9423( 1) .9103( 0) 01432 
83 9 IC 7 .60CC .872C .8598( 1) .9020( 1) .5506( 0) 10278 
83 	8 11 5 .565 .6839 .81C7( 3) .9107( 1) .5538( 0) 12304 
83 7 12 1 .599C .8995 .8658( 1) .9214( 1) .9593( C) 01234 
83 	6 14 1 .6079 .9153 .9C11( 1) .9321( 1) .9650( 0) 01234 
83 5 17 2 .6227 .9313 .9165( 1) .9429( 1) .9707( 0) 01243 
84 9 10 6 .6CCO .8731 .8610( 2) .9030( 1) .5508( 0) 01237 
84 	8 11 It .5721 .8852 .8720( 3) .9117( 2) .9543( 0) 31240 
84 7 12 0 .6111 .9CC7 .8211( 1) .9223( 1) .9597( 0) 01234 
84 6 14 0 .6190 .9162 .9022( 1) .9329( 0) .5654( 0) 01234 
84 	5 17 1 .6242 .9321 .9175( 1) .9436( 1) .9110( 0) 01234 
85 9 10 5 .60Cc .8743 .8622( 2) .9039( 1) .9510( 0) 10234 
85 8 11 3 .5726 .6864 .8734( 3) .9126( 2) .9548( 0) 34125 
85 7 13 6 .6111 .9019 .EE65( 1) .9232( 1) .96031 0) 06123 
85 	6 15 5 .6120 .9172 . 8 C32( 1) .9336( 1) .658( 0) 01234 
85 5 17 0 .6349 .9329 .9184( 1) .9443( 0) .S714( 0) 01234 
86 9 LC 4 .60CC .8754 .8633( 2) .9048( 1) .9512( 0) 12034 
86 	8 Ii 2 .5741 .8875 .8146( 3) .9136( 1) .9553( 0) 34501 
86 7 13 5 .6111 .9030 .6858( 1) .9241( 1) .9607( 0) 01623 
86 6 15 4 .6137 .9121 .9C43( 1) .9344( 1) .5662( 0) 10234 
86 	5 18 4 .6169 .9336 .9153( 1) .9449( 0) .9117( 0) 04123 
81 9 10 3 .6CCC .8765 .8645( 2) .9C57( 1) .5515( 0) 12304 
87 	8 11 1 .5785 .8287 .8159( 2) .9145( 1) .5557( 0) 13456 
87 7 13 4 .6111 .9041 .8510( 1) .950( 1) .9612( 0) 01263 
87 6 15 3 .6C99 .9189 .C52( 1) .9351( 1) .9666( 0) 12034 
87 	5 18 3 .6192 .9343 .9201( 1) .9155(  1) .9720( 0) 01432 
88 9 10 2 .6CCO .8775 .8656( 2) .9066( 1) .5517( 0) 12340 
88 	8 11 0 .5848 .6896 .8771( 2) .9154( 1) .5562( 0) 01234 
88 7 13 3 .6111 .9052 .8523( 1) .9258( 1) .9616( 0) 01236 
88 	6 15 2 .6102 .9198 .9C62( 1) .9358( 1) .9669( 0) 12304 
88 5 JR 2 .6220 .9351 .9210( 1) .9461( 1) .5723( 0) 01243 
89 	9 10 1 .6CCO .8185 .8667( 2) .9C15( 1) .9518( 0) 12345 
89 8 12 7 .5753 .89C9 .8783( 2) .9163( 1) .5566( 0) 01723 
89 	7 13 2 .6159 .9063 .8935( 1) .9267( 1) .5621( 0) 01234 
89 6 15 1 .6109 .9206 .9C72( 1) .9365( 1) .9613( 0) 12340 
89 	5 18 1 .6228 .9358 .9218( 1) .9467( 0) .9726( 0) 01234 
90 9 10 0 .60CC .8795 .8677( 2) .9083( 1) .5521( 0) 01234 
90 	8 12 6 .5728 .892C .8795( 2) .91711 1) .9571( 0) 01273 
- 167 
V 	S 	K P E(VIN) 
	
E 	E(C) 	E(1) 	E(2) 	CCtTRCLS 
90 7 13 1 .6239 .9C74 .8946( 1) .9275( 1) .9625( 0) 01234 
90 6 15 0 .6122 .9214 .9C81( 1) .9371( 0) .9676( 0) 01234 
90 5 18 0 .6296 .9364 .9227( 1) .9413( 0) .9129( 0) C1234 
91 9 11 8 .5683 .8791 .8618( 2) .9087( 1) .9526( 0) 01823 
91 8 12 5 .5141 .8932 .88C7( 21 .9180( 1) .5575( 0) 10231 
91 7 13 0 .6410 .9084 .8558( 1) .9282( 0) .9629( C) 01234 
91 6 16 5 .5955 .9223 .9C91( 1) .9378( 1) .S680( 0) 04512 
91 5 19 4 .6296 .9371 .9235( 1) .9479( 0) .9132( 0) 04123 
92 9 Ii 7 .5678 .8809 .8691( 2) .9096( 2) .9531( 0) 01283 
92 8 12 4 .5111 .8942 .8819( 2) .9188( 1) .'580( 0) 12034 
92 7 14 6 .6410 .909 11 .8970( 1) .929C( 1) .c633( 0) 06123 
92 6 16 4 .5969 .9231 .91C0( 1) .9384( 1) .5683( 0) 05142 
92 5 19 3 .6296 .9378 .9243( 1) .9484( 0) .9735( 0) C1432 
93 9 11 6 .5677 .8821 .8703( 2) .9105( 2) .9537( 0) 10238 
93 8 12 3 .5698 .8953 .8831( 2) .9196( 1) .S584( C) 12304 
93 7 l's 5 .6410 .9104 .8981( 1) .92981 1) .9637( 0) 01623 
93 6 16 3 .6CO2 .9239 .91C9( 1) .9391( 1) .9687( 0) 01524 
93 5 19 2 .6334 .9365 .9251( 1) .9490( 1) .9738( 0) 01243 
94 9 11 5 .5696 .6832 .8716( 2) .9114( 2) .S42( 0) 12034 
94 8 12 2 .5673 .8963 .8842( 2) .9204( 1) .568( 0) 12340 
94 7 14 4 .6410 .9114 .8992( 1) .9306( 1) .9641( 0) 01263 
94 6 16 2 .5980 .9247 .9118( 1) .9397( 1) .9690( 0) 01253 
94 5 19 1 .6391 .9391 .9259( 0) .9495( 0) .9141( C) 01234 
95 9 11 4 .5713 .8844 .8728( 2) .9123( 1) .9546( 1) 12304 
95 8 12 1 .5684 .8973 .8e53( 2) .9212( 1) .9593( 0) 12345 
95 7 l's 3 .6'slO .9124 .9CC3( 1) .9313( 1) •9644( 0) 01236 
95 6 16 1 .5989 .9254 .9121( 1) .9403( 1) .5693( 0) 01234 
95 5 19 0 .6491 .9398 .9266( 0) .9500( 0) .5743( 0) 01234 
96 9 11 3 .5697 .8855 .8740( 2) .9131( 2) .5550( 1) 12340 
96 8 12 0 .5118 .8983 .8864( 1) .9220( 1) .S591( 0) 01234 
96 7 14 2 .6410 .9133 .9C13( 1) .9321( 1) .9648( 0) 01234 
96 6 16 C .6042 .9262 .9136( 1) .9409( 0) .5696( 0) 01234 
96 5 20 4 .6491 .940 ,4 .9275( 0) .9506( 0) .746( 0) 04123 
97 9 11 2 .5712 .8866 .8752( 2) .9140( 2) .9554( 1) 12345 
97 8 13 7 .5864 .8994 .8876( 2) .9228( 1) .5602( 0) 05712 
97 7 14 1 .6447 .9142 .9C23( 0) .9328( 0) .'1652( 0) 01234 
91 6 17 5 .6140 .927C .9145( 1) .9415( 1) .9699( 0) 01234 
97 5 2C 3 .6491 .9411 .9282( 1) .9511( 0) •51 119( 0) 01432 
98 9 11 1 .5709 .8877 .8764( 2) .9148( 1) .5558( 0) 12345 
98 8 13 6 .5612 .9C04 .8887( 2) .235( 1) .9606( 0) 01567 
98 7 14 0 .6667 .9151 .9C32( 0) .)333( 0) .t655(  0) 01234 
98 6 1? 4 .6160 .9277 .9153( 1) .9421( 1) .S702( 0) 10234 
98 5 20 2 .6491 .9417 .9289( 0) .9515( 0) .5752( 0) 01243 
99 9 ii 0 .5767 .887 .8775( 1) .9156( 1) .5562( 0) 01234 
99 8 13 5 .5876 .9014 .8898( 2) .9243( 1) .9610( 0) 01725 
99 7 15 6 .6286 .9158 .9C41( 0) .93411 0 .5659( C) 05612 
99 6 17 3 .6202 .9284 .9162( 1) .9427( 1) .705( 0) 12034 
99 5 20 1 .6526 .9423 .9296( 0) .9519( 0) .9754( 0) 01234 
ICO 9 12 8 .5483 .88)7 .8766( 2) .9164( 1) .9567( 0) C6812 
ICC 8 13 4 .5885 .9023 .8908( 2) .9250( 1) .961 ,4( 0) 01273 
100 7 15 5 .6222 .9165 .9C49( 1) .9346( 1) .9662( 0) 06152 
100 6 17 2 .6197 .9292 .9170( 1) .9433( 1) .708( 0) 12304 
100 5 20 0 .6667 .9429 .9302( 0) .9524( 0) .c756( 0) 01234 
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TABLE 0.3 
PROPERTIES OF (C,1,2)-DESIGNS , R=4 • 5V100 
V S K P E(MIN) E E(C) ECi) E(2) CCNTRULS 
5 2 3 1 .5833 .71C7 .5833( 3) .7511( 3) 01 
6 2 3 0 .6667 .7692 .6667( C) .8000( 0) 01 
7 2 4 1 .7C83 .8132 .7C83( 0) .8338( 1) Cl 
8 2 4 0 .75CC .84CC .75C0( C) .E571( 0) 01 
10 3 4 2 .4908 .74CC .6713( 2) .7257( 5) .€373( 3) 021 
11 3 4 1 .5121 .7673 .7C36( 41 .7523( 4) .8530( 2) 012 
12 3 4 0 .5625 .7891 .7313( 0) .71481 0) .8667( 0) 012 
13 3 5 2 .6250 .8052 .7447( 4) .7970( 3) .8607( 2) 021 
14 3 5 1 .65CC .82C9 .76411 3) .8127( 2) .8104( 3) 012 
15 3 5 0 .7CCO .8336 .7805( 1) .8262( 0) .€791( 1) 012 
16 3 6 2 .70CC .8657 .7936( 2) .8380( 2) .8869( 2) 201 
17 4 5 3 .6250 .7897 .7462( 4) .7988( 2) .8691( 1) 0231 
17 3 6 1 .7167 .8558 .8C67( 2) .8482( 1) .8938( 1) 012 
18 4 5 2 .6326 .8008 .7589( 3) .8088( 3) .8722( 1) 0132 
18 3 6 0 .75CC .8644 .8182( C) .8571( 0) .5CCO( 0) 012 
19 4 5 1 .6181 .8103 .7696( 3) .8178( 3) .6171( 1) 0123 
19 3 7 2 .6250 .8657 .8165( 2) .8578( 2) .9020( 3) 102 
20 4 5 0 .6CCO .8186 .1788( 2) .8264( 2) .8813( 1) 0123 
20 3 7 1 .6429 .8724 .8253( 2) .8645( 2) .9067( 2) 120 
21 4 6 3 .60.8 .8236 .7819( 4) .8318( 3) .8836( 2) 0213 
21 3 7 0 .6786 .8782 .8330( 1) .8708( 1) .91091 1) 012 
22 4 6 2 .6170 .8318 .7920( 4) .8368( 3) .6891( 2) 0123 
22 3 8 2 .6786 .8843 .84C7( 2) .8766( 1) .5150( 2) 201 
23 4 6 1 .6319 .391 .8010( 4) .8453( 2) .8939( 2) 0213 
23 3 8 1 .6920 .8896 .8478( 1) .8820( 1) .5187( 1) 012 
24 4 6 0 .6667 .8456 .8C89( 2) .8516( 1) .8980( 0) 0123 
24 3 8 0 .7187 .2943 .8542( 0) .8870( 0) .5221( 1) 012 
25 4 7 3 .6667 .8521 .8159( 4) .8580( 2) .90091 1) 0312 
25 3 9 2 .7187 .899C .86C2( 1) .8917( 1) .9253( 1) 201 
26 5 6 4 .65CC .8232 .7943( 2) .8378( 1) .819( 0) 01234 
26 4 1 2 .6732 .8580 .8232( 3) .86311 2) .5048( 1) 0132 
26 3 9 1 .7292 .9C32 .8658( 1) .8560( 1) .9283( 1) 012 
27 5 6 3 .6250 .8278 .7986( 2) .8421( 2) .8895( 1) 12304 
27 4 1 1 .6896 .8633 .2299( 3) .86801 2) .5084( 1) 0123 
27 3 9 0 .75C0 .9010 .871C( 0) .9CCC( 0) .9310( 0) 012 
28 5 6 2 .6250 .8319 .8C26( 3) .8463( 2) .8911( 1) 23014 
28 4 7 0 .7143 .8682 .8359( 1) .8726( 1) .9116( 1) 0123 
29 5 6 1 .625C .8357 .8C61( 3) .8504( 2) .€927( 1) 30124 
29 4 8 3 .7143 .8731 .8416( 2) .8771( 1) .9148( 1) 0312 
30 5 6 0 .6250 .8392 .8C92( 3) .8544( 2) .8944( 0) 01234 
30 4 8 2 .7143 .8777 .8472( 2) .8812( 1) .9178( 1) 0132 
31 5 7 4 .6163 .8439 .8146( 4) .85811 2) .8987( 1) 04123 
31 4 8 1 .7232 .8819 .8523( 1) .8852( 1) .5205( 1) 0123 
32 5 7 3 .6184 .8482 .8197( 4) .617( 2) .5021( 2) 01423 
32 4 8 0 .75C0 .8857 .8571( 0) .8889( 0) .9231( 0) 0123 
33 5 7 2 .6271 .8523 .8243( 4) .8652( 2) .5050( 1) 01243 
- 169 - 
V 	S 	)( P E(MIN) 	[ 	E(0) 	Eli) 	E12) 	CCITRCLS 
33 4 9 3 .6875 
34 5 7 1 .6355 
34 4 9 2 .6667 
35 5 7 0 .6429 
35 4 9 1 .6667 
36 5 8 4 .6429 
36 4 9 0 .6667 
31 6 7 5 .6667 
37 5 8 3 .6464 
37 4 10 3 .6631 
38 6 7 4 .6667 
38 5 8 2 .6501 
38 4 IC 2 .6726 
39 6 7 3 .6667 
39 5 8 1 .6618 
39 4 10 1 .6686 
40 6 7 2 .6520 
40 5 8 0 .6875 
40 4 IC C .6793 
41 6 7 1 .6429 
Al 5 9 4 .6875 
41 4 11 3 .6723 
42 6 7 0 .6428 
42 5 9 3 .6875 
42 4 11 2 .6805 
43 6 8 5 .6192 
43 5 9 2 .6911 
43 4 11 1 .6731 
44 6 8 4 .6235 
44 5 9 1 .7023 
44 4 11 0 .6818 
45 6 8 3 .6277 
45 5 9 0 .7222 
45 4 12 3 .7273 
46 6 8 2 .6215 
46 5 IC 4 .7222 
tô 4 12 2 .7273 
47 6 8 1 .6193 
47 5 10 3 .7222 
47 4 12 1 .7330 
48 6 8 0 .6250 
48 5 10 2 .7222 
48 '* 12 0 .75CC 
49 6 9 5 .6277 
49 5 10 1 .7278 
49 4 13 3 .7067 
50 7 8 6 .6696 
50 6 94.6330 
50 	5 IC) C •75C0 
50 4 13 2 .6523 
51 7 8 5 .6562 
51 6 9 3 .64C7 
51 5 11 4 .6955 
51 4 13 1 .6923 
.8886 .86C2( 1) 
.856C .82861 3) 
.8912 .86301 2) 
.8594 .83251 3) 
.8936 .8656( 2) 
.8625 .83641 3) 
.8958 .86791 2) 
.8400 .81711 3) 
.8663 .84091 3) 
.8920 .8707( 2) 
.8438 .8212( 3) 
.2659 .8451( 2) 
.001 .87401 2) 
.8474 .8251( 3) 
.8733 .84901 2) 
.5032 .8770( 1) 
.8507 .82881 3) 
.8765 .8528( 1) 
.9055 .87991 1) 
.8539 .8322( 3) 
.8796 .85611 2) 
.9078 .88281 1) 
.8569 .83551 2) 
.8825 .85951 2) 
.91CC .82551 1) 
.8505 .83691 3) 
.8853 .86281 2) 
.9121 .88811 1) 
.8615 .84021 3) 
.8879 .86601 2) 
.914C .89C5( 1) 
.8643 .84331 3 
.8904 .86891 1) 
.9161 .85311 1) 
.867C .8463( 3) 
.8929 .87181 1) 
.9180 .89551 1) 
.8695 .84921 3) 
.8953 .87461 1) 
.9199 .89781 1) 
.8719 .25191 2) 
.8976 .87731 1) 
.9216 .9CCC( 0) 
.8744 .8547( 2) 
.8998 .27991 1) 
.923C .9C16( 0) 
.6593 .84231 I) 
.8768 .85741 3) 
.9016 .26241 0) 
.9243 .9C32( 1) 
.6614 .8444( 2) 
.8791 .8599( 2) 
.9035 .8641( 1) 
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V S K P E(MIN) 
	
E 	E(C) 	Em 	E(2) 	CCITRCLS 
52 1 8 4 .6562 
52 6 9 2 .6467 
52 5 11 3 .6818 
52 4 13 0 .6523 
53 7 8 3 .6562 
53 6 5 1 .6549 
53 5 11 2 .6818 
53 4 14 3 .6938 
54 7 8 2 .6562 
54 6 9 0 .667 
54 5 11 1 .6818 
54 4 14 2 .6978 
55 7 8 1 .6562 
55 6 10 5 .6667 
55 5 11 0 .6818 
55 4 14 1 .7027 
56 7 8 0 .6562 
56 6 10 4 .6667 
56 5 12 4 .6745 
56 	4 14 0 .7143 
57 7 9 6 .6416 
57 6 10 3 .6694 
57 5 12 3 .6738 
57 4 15 3 .7143 
58 7 9 5 .6398 
58 6 IC 2 .6767 
58 5 12 2 .6756 
58 4 15 2 .7168 
59 7 9 4 .6421 
59 6 10 1 .6839 
59 5 12 1 .6003 
59 4 15 1 .1233 
60 7 9 3 .6430 
60 6 10 0 .7GCO 
60 5 12 0 .6875 
60 4 15 0 .7333 
61 7 9 2 .6452 
61 6 11 5 .7CCC 
61 5 13 4 .6875 
61 4 16 3 .7333 
62 7 9 1 .6504 
62 6 11 4 .7CCO 
62 5 13 3 .6913 
62 4 16 2 .7333 
63 7 9 0 .6552 
63 6 11 3 .7CCO 
63 5 13 2 .6952 
63 4 16 I .7375 
64 7 1C 6 .6552 
64 6 11 2 .7C21 
64 5 13 1 .7C13 
64 4 16 C .75CC 
65 8 9 7 .6875 











































































































2) .88C6( 1) 
2) .89441 2) 
1) .9121( 1) 
•9283( 0) 
.8824( 1) 
2) .8963( I) 
1) .91351 1) 
.9293( I) 
.88411 I) 
1) .89811 1) 
1) .9149( 1) 
.9306( 1) 
.8859( 1) 
2) .8998( 1) 
1) .9162( 0) 
.9318( 1) 
•8875( 1) 
2) .9015( 1) 
1) .9168( 1) 
1) .9329( 0) 
3) .8892( 1) 
2) .90321 2) 
1) .91821 1) 
1) e9341( 1) 
3) .8908( 2) 
2) .9048( 1) 
1) .9196( 1) 
1) .9352( 1) 
3) •8924( 2) 
.9C64( 1) 
1) .9209( 1) 
1) .9363( 0) 
.89391 2) 
1) .90791 1) 
1) .9223( 0) 
0) .9373( 0) 
3) .8954( 2) 
2) .9094( 1) 
.9235( 1) 
0) .9383( 0) 
.8969( 2) 
2) .91081 1) 
1) .92461 1) 
.9394( 0) 
.8984( 1) 
2) .9122( 1) 
.9258( 1) 
0) .94C3( 0) 
.85971 2) 
1) .91361 1) 
.9269( 1) 
0) .9412( 0) 
.8894( 1) 
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V S 	K P E(MIN) 	6 	E(0) 	E(i) 	6(2) 	CONTROLS 
65 	6 LI I. .7107 
65 5 13 0 .7115 
66 8 9 6 .6854 
66 7 10 4 .6588 
66 6 11 0 .7273 
66 5 14 4 .7115 
67 8 9 5 .6854 
67 7 IC 3 .6622 
67 6 12 5 .7273 
67 5 14 3 .7115 
68 8 9 4 .6854 
68 7 10 2 .6671 
68 6 12 4 .7273 
68 5 14 2 .1136 
69 8 9 3 .6721 
69 7 10 1 .6729 
69 6 12 3 .7273 
69 	5 1'. 1 .7203 
70 8 9 2 .6667 
70 7 10 0 .6802 
70 6 12 2 .7273 
70 5 14 0 .7321 
71 8 S 1 .6667 
71 7 11 6 .6580 
11 	6 12 1 .1311 
71 5 15 4 .7321 
72 8 9 0 .6667 
72 7 11 5 .6591 
12 6 12 0 .15C0 
72 5 15 3 .7321 
73 8 1C 7 .6562 
73 7 11 4 .6620 
73 6 13 5 .7C19 
13 5 15 2 .7321 
74 	
8 10 6 .6538 
14 7 11 3 .6630 
74 6 13 4 .6923 
74 	5 15 1 .7357 
15 8 IC 5 .6558 
75 7 11 2 .6613 
75 6 13 3 .6923 
75 5 15 0 .75CC 
76 8 LC 4 .6516 
76 	1 11 1 .6727 
16 6 13 2 .6923 
76 5 16 4 .1125 
71 8 10 3 .6508 
77 7 11 0 .618 
7! 	6 13 1 .623 
77 5 16 3 .7C31 
78 8 1C 2 .6495 
78 7 12 6 .6818 
78 6 13 0 .6923 
78 5 16 2 .7031 
.9047 .88921 1) 
.9222 .9C59( 1) 
.8727 .85881 2) 
.8878 .87271 3) 
.9061 .8908( 1) 
.9234 .9C73( I) 
.8744 .86C6( 2) 
.8893 .87651 3) 
.9076 .8925( 1) 
.9246 .9ce7( 1) 
.8761 .86241 2) 
.8906 .8761( 2) 
.9C9C .8941( 1) 
.9257 .91C0( 1) 
.8777 .8641( 2) 
.8922 .8777( 2) 
.91C3 .89571 1) 
.9268 .9113( 1) 
.8792 .8658( 2) 
.936 .8753( 1) 
.9117 .8972( 1) 
.9278 .9125( 0) 
.88C7 .8674( 1) 
.8950 .88C7( 2) 
.9129 .eS7( I) 
.9289 .9138( 1) 
.8821 .86901 1) 
.8964 .88231 2) 
.9142 .SCCO( 0) 
.9299 .9150( 1) 
.8835 .87C4( 2) 
.8976 .8839( 2) 
.9152 .9C12( 0) 
.9309 .91621 1) 
.8848 .81191 2) 
.8991 .8e54 2) 
.9161 .9C231 I) 
.9318 .91731 0) 
.8861 .87331 2) 
.9C04 .62681 2) 
.9111 .9(331 1) 
.9328 .91841 0) 
.8874 .8746( 2) 
.9C17 .86821 1) 
.9160 .9C43( 1) 
.9336 .91941 0) 
.2886 .87591 2) 
.9029 .8f396( 1) 
.9169 .9C53( 1) 
.9343 .92C3( 1) 
.6898 .87721 2) 
.9041 .89091 I) 
.9197 .9C62( 1) 























































.S415( 1) 12340 
.9509( 0) 01234 
.9239( 1) 06715 
.5321( 1) 21340 
.9424( C) 01234 
.5516( C) 04123 
.9250( 1) 07162 
.9336( 1) 23401 
.9433( 0) 01234 
.9523( 1) 01423 
.258( 1) 01726 
.5346( 1) 41235 
.9442( 1) 10234 
.9530( 1) 01243 
.9269( 1) 01273 
.5354( 1) 24501 
.S450( 1) 12034 
.9537( 0) 01234 
.9278( 1) 01237 
.9362( 0) 01234 
.9458( 1) 12304 
.5544( 0) 01234 
.5286( 1) 01234 
.5369( 1) 01243 
.5466( 0) 12340 
.5550( 0) 04123 
.9293( 0) 01234 
.9379( 1) 12034 
.9414( 0) 0134 
.5557( 0) 01423 
.9305( 1) 03451 
.c387( 1) 21340 
.94801 0) 01234 
.c63( 0) 01243 
.5316( 1) 45013 
.5396( 1) 23401 
.94861 0) 12304 
c569( 0) 01234 
.5325( 1) 54601 
.94C4( 1) 41235 
.9492( 0) 23140 
.9574( 0) 01234 
.9333( 1) 56034 
.9411( 0) 24501 
.9498( 0) 32401 
.5580( 0) 01234 
.5341( 1) 04567 
.9419( 0) 01234 
.9503( 0) 34012 
.95e5( 0) 12304 
.5348( 1) 05146 
.9428( C) 01243 
.9508( 0) 01234 
.9589( 0) 23014 
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V S 	K P E(MIN) 
	
E 	E(0) 	ELi) 	[(2) 	CCNTRCLS 
79 8 10 1 .6492 
79 7 12 5 .6818 
79 6 14 5 .6843 
79 5 16 1 .7031 
80 8 10 0 .65CC 
80 7 12 4 .6838 
80 6 14 4 .6806 
80 5 16 0 .7031 
81 8 11 7 .6457 
81 7 12 3 .6864 
81 6 14 3 .6802 
81 5 11 4 .6989 
82 9 10 8 .6592 
82 8 11 6 .6457 
82 7 12 2 .6302 
82 6 14 2 .6789 
82 5 17 3 .6985 
83 9 IC 7 .6576 
83 8 11 5 .6475 
83 7 12 1 .6953 
83 6 14 1 .6791 
83 5 17 2 .1011 
84 9 10 6 .6576 
84 8 11 4 .6492 
84 7 12 0 .7083 
84 6 14 0 .6786 
84 5 17 1 .7036 
85 9 10 5 .6576 
85 8 11 3 .6448 
85 7 13 6 .7C83 
85 6 15 5 .6796 
85 5 17 0 .7059 
86 9 10 4 .6581 
86 8 11 2 .6432 
86 1 13 5 .7083 
86 6 15 4 .68CC 
86 5 18 4 .7059 
81 9 10 3 .6611 
87 8 11 1 .6432 
87 7 13 4 .7083 
87 6 15 3 .6819 
87 5 18 3 .7084 
88 9 1C 2 .611 
88 8 11 0 .6472 
88 7 13 3 .7083 
88 6 15 2 .6827 
88 5 IF 2 .7115 
29 9 10 1 .6618 
89 8 12 7 .6474 
89 	7 13 2 .7115 
89 6 15 1 .6845 
89 5 18 1 .7152 
90 9 10 0 .750 












































































































2) .9068( 1) 
2) .9176( 1) 
1) •9292( 1) 
.9404( 0) 
.9C79( 1) 
1) .9186( 1) 
1) •9300( 1) 
.941C( 0) 
•9085( 1) 
1) .9196( 1) 
I) •9308( 1) 




I) .9315( 1) 
I) .9424( 1) 
.9C11( 1) 
2) .9106( 1) 
1) •9215( 1) 
1) .9323( 1) 
.9431( 1) 
.9022( 1) 
2) .9116( 1) 
1) .9224( 1) 
1) •9330( 1) 
.9431( 0) 
.9033( 1) 
2) .9126( 1) 
1.) .9233( 1) 
1) .9337C 1) 
.9443( 0) 
.9043( 1) 
2) .9135( 1) 
1) •9242( 1) 
1) •9344( 1) 
1) .9449( 0) 
.9054( 2) 
.9145( 1) 
1) .9250( 1) 
1) .9351C 1) 
•9'i55( 0) 
.9064( 1) 
1) .9154( 1) 
1) .9259( 1) 
1) .9358( 1) 
I) .9461C 0) 
1) .9C7's( 1) 
1) .9163( 1) 
I) .9261C 1) 
1) .9365( 1) 
1) .9467( 0) 
1) .9084( 1) 

































• 5349 C 
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V S 	K P E(MIN) 	E 	E(C) 	E(1) 	E(2) 	CCNTRCLS 
90 7 13 1 .7165 .9169 .9C54( 1) 
90 6 15 0 .6862 .9296 .9176( 1) 
90 5 18 0 .7222 .9431 .93C7( 0) 
91 9 11 8 .6570 .8923 .8815( 2) 
91 8 12 5 .6541 .9041 .8929( 2) 
	
91 	7 13 0 .7308 .9178 .9C64( 0) 
91 6 16 5 .6873 .9304 .91841 1) 
91 	5 19 4 .7222 .9438 .9315( 1) 
92 9 11 7 .6539 .8933 .8826( 2) 
92 8 12 4 .6607 .9051 .8940( 2) 
92 	7 14 6 .7308 .9187 .9C74( 1) 
92 6 16 4 .6878 .9311 .9193( 1) 
92 5 19 3 .7222 .944'. .9322( 1) 
93 9 11 6 .6541 .8943 .8837( 2) 
93 8 12 3 .6619 .9061 .8950( 2) 
93 7 14 5 .7308 .9196 .9C85( 1) 
93 6 16 3 .6896 .9318 .9201( I) 
93 5 19 2 .7237 .9450 .9329( 1) 
94 	9 11 5 .6558 .895'. .8848( 2) 
94 8 12 2 .6637 .9070 .8961( 2) 
94 7 14 4 .7308 .9205 .9C94( 1) 
94 6 16 2 .6911 .9326 .9210( 1) 
94 5 19 1 .7284 .9456 .9336( 0) 
95 9 11 4 .6487 .8963 .8859( 2) 
95 8 12 1 .6672 .9079 .8971( 1) 
95 	7 14 3 .7308 .9214 .91C4( 1) 
95 6 16 1 .6935 .9332 .9218( 1) 
95 
 5 19 0 .7368 .9461 .9343( 0) 
96 9 11 3 .6432 .8973 .8869( 2) 
96 	8 12 0 .6695 .9088 .8981( 1) 
96 7 1'. 2 .7308 .9222 .9114( 1) 
96 6 16 0 .6959 .9339 .9226( 1) 
96 5 20 4 .1368 .9461 .935C( 0) 
97 9 11 2 .6410 .8982 .8879( 2) 
97 	8 13 7 .6687 .9097 .8990( 1) 
91 7 14 1 .7335 .923C .9123( 0) 
97 6 11 5 .6914 .9346 .9233( 1) 
97 5 20 3 .7368 .9473 .9357( C) 
98 	9 11 1 .6410 .899 	.8889( 2) 
98 8 13 6 .6710 .9106 .9CCO( 1) 
98 7 14 0 .75CC .9238 .913C( 0) 
98 6 17 4 .6936 .9353 .9241( 1) 
98 5 20 2 .7368 .9418 .9364( 0) 
99 9 11 0 .6432 .SCOI .8899( 1) 
99 	8 13 5 .6742 .9115 .9C1O( 1) 
99 1 15 6 .7071 .9245 .9139( 0) 
99 6 17 3 .6965 .9359 .9249( 1) 
99 	5 20 1 .7395 .948'. .9371( 0) 
1C0 9 12 8 .6313 .9010 .89C9( 1) 
100 	8 13 4 .6770 .9124 .9C19( 1) 
ICC 7 15 5 .7CCO .9251 .9147( 1) 
ICO 6 17 2 .6992 .9366 .9256( 1) 
100 5 20 0 .75CC .9489 .9315( 0) 
.9275( 1) .505( 0) 24501 
.9372( 0) .9572( 0) 01234 
.9473( 0) .9642( 0) 01234 
.9090( 1) .S372( 0) 05681 
.9180( 1) .9439( 1) 01273 
.9283( 0) .9510( 0) 01234 
.9378( 1) .576( 0) 01234 
.9479( 0) .9646( 0) 01234 
.9099( 1) .9379( 1) 06157 
.9189( 1) .9444( 1) 02135 
.9291( 0) .9516( 0) 06123 
.9385( 1) .9581( 0) 12304 
.9484( 0) .9650( 0) 10234 
.9108( 1) .9386( 1) 01678 
.9197( 1) .9450( 1) 01234 
.9299( 1) .9521( 0) 01623 
.9391( 1) .5585( 0) 23140 
.9490( 0) .9654( 0) 12034 
.9116( 1) .9393( 1) 08126 
.9205( 1) .5455( 1) 20134 
.9306( 1) .5526( 0) 01263 
.9398( 1) .5590( 0) 324C1 
.9495( 0) .9658( 0) 12304 
.9125( 1) .9399( 1) 01823 
.9213( 1) .9460( 0) 02351 
.9313( 1) .9531( 0) 01236 
.9404( 1) .9594( 0) 34012 
.95C0( 0) .5662( 0) 01234 
.9133( 1) .9405( 1) 01283 
.92211 11 .5665( 0) C1234 
.9320( 1) .c36( 0) 01234 
.9410( 0) .598( 0) 01234 
.9505( 0) .5665( 0) 04123 
.9141(1) .5411( 1)01235 
.9229( 1) .9472( 0) 02571 
.9327( 0) .541( 0) 01234 
.9416( 0) .5603( 0) 01234 
.9511(0) .5668( 0)01 1.23 
.9149( 1) .9416( 0) 0t236 
.9236( 1) .5471( 0) 01235 
.9333( 0) .5545( 0) 01234 
.9422( 1) .9607( C) 10234 
.9516( 0) .9671( 0) 01243 
.9157( 1) .5421( 0) 01234 
.9244( 1) .S482( 1) 01273 
.9341( 0) .9550( 0) 01243 
.9427( 1) .cotl( 0) 12034 
.9521( 0) .9675( 0) 01234 
.9164( 1) .9430( 0) C581 
.9251( 1) .5487( 1) 02135 
.9346( 0) .5554( 0) 12034 
.9433( 0) .9615( 0) 1230'. 
.9524( 0) .9671( C) 01234 
